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SOME CHANGES IN THE INTERNATIONAL RULES OF 
BOTANICAL NOMENCLATURE MADE AT 
STOCKHOLM IN 1950 


H. W. Ricketr 


The following notes are an attempt to outline the principal changes made 
in the International Rules of Botanical Nomenclature by the Seventh Inter- 
national Botanical Congress (1950). It must be emphasized that they are in 
no sense Official ; they are simply the personal impressions of one participant 
in the meetings of the Section of Nomenclature. In places my notes were 
hasty and occasionally inadequate; and since | was unable to attend the 
opening two days of the sessions, I have had to rely to some extent on the 
notes of others. Final word on exactly what was done must await*publication 
of the Proceedings of the Congress and the fourth edition of the Rules; 
meanwhile this interim report may be of some service to taxonomists and 
others. It should be noted also that I have here attempted to select what 
seemed to me the most significant alterations in the rules, omitting minor 
changes ; such selection rests, of course, on personal opmion, and I have ac- 
cordingly not hesitated to include also some comments on the usefulness of 
some of these changes. 

Introduction. The procedure of the Section of Nomenclature was based 
on the Synopsis of Proposals concerning the International Rules of Botan- 
ical Nomenclature submitted to the Seventh International Botanical Con- 
gress—Stockholm 1950, published in Utrecht under the supervision of the 
Rapporteur-Général, Dr. J. Lanjouw. This is a sizeable volume of 271 pages, 
containing a complete reprint of the third edition of the Rules, and, inserted 
in the appropriate places, over 500 proposals for changes in the provisions 
of the rules. The proposals varied greatly in weight. At one extreme we find 
one to change the word ‘‘ individual plant’’ to ‘‘ plant individual’’; part of 
the time of the Congress was devoted to rejecting this proposal. At the 
other extreme is a five-page proposal, also rejected, dealing with the divi- 
sion of a taxonomie group and attempting, with voluminous examples, to 
fit the suggested provisions to the type method. Besides the proposals, the 
Synopsis included also comments by the Rapporteur-Général on each one 
and his own recommendation for its disposal. The proposals were, at least 
in the main, those considered by the Utrecht Symposium of 1948, and the 
action of that group was included in the comments of the Rapporteur. 
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The Synopsis was distributed in June to all who had signified that they 
would attend the Congress and had votes to cast, with a preliminary ballot 
to be returned by mail. As each proposal was taken up on the floor of the 
Section, the preliminary vote was read out. It was decided that a majority 
of two-thirds against it would automatically eliminate it, a majority of two- 
thirds for it would cause its automatic adoption. Actually many proposals 
were reconsidered in spite of an adverse vote, and on some the preliminary 
decision was, after discussion, reversed. The work of the section necessarily 
went on in an atmosphere of hurry. Each participant was theoretically lim- 
ited to two minutes in speaking, unless asked by the Section to speak again; 
in practice, this limit was often exceeded. As time became shorter, more 
and more questions were ‘‘referred to the editorial committee’’ for disposi- 
tion. Under such circumstances, it is not to be wondered at that the actions 
of the Section seemed sometimes hasty, occasionally confused or even con- 
tradictory. 

It is apparent that the method of procedure itself ensures that only 
changes in detail are possible. The entire plan of the activity of the Section 
was predicated on the tacit assumption that the present Rules are, in gen- 
eral, all right. There was no provision by which a thorough reconsideration 
of the code could be undertaken. Two attempts at complete reorganization 
were presented, one by C. X. Furtado, of the Straits Settlements, the other 
by Nils Hylander of Uppsala. These long proposals were split up and in- 
serted in the Synopsis with the more or less corresponding provisions of the 
existing rules; so that neither really got a fair hearing or was examined on 
its merits as a whole. The reversal of some of the voting made it evident 
that some of the voters had not always carefully read the arguments for or 
against the proposals on which they voted. In my opinion the time has ar- 
rived for a more fundamental scrutiny of the rules of nomenclature, in 
place of the piecemeal patching that is actually accomplished; the chief 
result of which has been the incorporation in the rules of fifteen or more 
new articles and several new recommendations, with a general increase in 
the complexity of the code. 

Starting-points. On the first days several matters of minor importance 
were taken up. The word ‘‘taxon’’ was formally adopted in place of ‘‘taxo- 
nomie group’’ or ‘‘entity.’’ The terms ‘‘legitimate,’’ ‘‘effective’’ and 
‘‘valid’’ publication, and ‘‘correct’’ were defined. There was much discus- 
sion of the order of categories—chiefly a question of wording. The first 
question of moment was Art. 20, dealing with starting-points. It was de- 
cided that to every work named as a starting-point a definite date should 
be assigned, arbitrary if necessary (January 1 or December 31). The start- 
ing-point most under fire was the famous ‘‘sliding scale’’ for certain fungi 
—1821-1832, the dates of Fries’ Systema mycologicum. By action of the 
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special committee for fungi, ratified by the Section, the starting-point for 
these plants is now made Vol. 1 of this work, to which the date 1 Ja 1821 is 
assigned. As far as priority is concerned, this means that the entire series 
of volumes is considered as if they had all been published on this date, for 
all names which appear in them are to have precedence over any others pub- 
lished after 1 Ja 1821. This decision, while not satisfactory to all mycolo- 
gists, is better than the old sliding scale. 

Types. The regulations for selecting types may be here taken up, though 
they were adopted later. A committee appointed for the purpose drew up a 
set of regulations, which with some slight changes in wording were adopted 
by the Section. The main provisions are as follows: The choice of type of 
the original author is final. A lectotype may be chosen only in the lack of 
an original type. In choosing a lectotype the original description is the 
basic guide, and attention should be given to any indication of the ‘‘in- 
tent’’ of the author. The lectotype must be chosen from among specimens 
actually studied by the original author. Neotypes may be chosen only when 
all the original material is lacking. These provisions seem to conform in 
the main to general practice. The only point which may ultimately call for 
modification is the weight given the interpretation of the original deserip- 
tion. A new lectotype may be chosen if it can be shown that the first choice 
did not fit the description so well. Obviously there is much room here for 
personal judgment and differences of opinion, with consequent lack of 
stability. 

Conservation. Then came a consideration of conservation. In the third 
edition of the Rules, conservation of genera is definitely allowed by Art. 21, 
and that of families by Art. 23. A proposal was made to remodel Art. 21 so 
that it might provide for both categories; this was modified by the Section 
to read ‘‘genera and taxa of higher rank.’’ However, since it was later de- 
cided that the principle of priority shall not apply to taxa higher than the 
family, and since names are rarely conserved unless as exceptions to the 
principle of priority, the intent of the new article, as reworded, seems a bit 
muddled. Families, subfamilies, tribes may now be conserved. 

But such matters are trivial besides the conservation of specific names 
or epithets, or alternative devices to stabilize the names of species. A num- 
ber of proposals had been made to this end: outright conservation of names 
or epithets (it is not always clear which is intended) ; rejection of certain 
earlier specific names or of all names not included in a certain published 
index; a list of nomina excludenda or nomina extincta, 100 years old or 
otherwise stigmatized; altogether eleven proposals. They were referred to 
a special committee, which brought them back to the Section with an adverse 
vote on all. A long and somewhat heated discussion ensued, with conflicting 
Statements made on behalf of horticulturists and other non-taxonomie users 
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of plant names, who, it was maintained, might abandon the botanical rules 
if these did not provide for some stabilization of specific names; all efforts 
for the stabilization of common specific names breaking on a solid rock of 
taxonomic opposition. All proposals for conservation or rejection were de- 
cisively defeated. Yet there was a continuing demand on the part of a few 


for reconsideration. Several subsequent motions to appoint a new committee 
to reconsider the problem were also defeated. (However, on the last day, a 
committee was set up entitled Committee for Urgent Nomenclatural Needs), 
[t is evident, therefore, that the devices hitherto proposed to stabilize spe- 


cific nomenclature are acceptable to almost no one, taxonomists, horticul- 
turists, or others; yet the pressure continues (and understandably so) for 
some action to stabilize the names of very well known species, especially 
those of economic importance. 

Names of Higher Taxa: The Utrecht Symposium set up a committee to 
make a proposal to govern the naming of taxa above the family. Dr. H. J. 
Lam, chairman of this committee, proposed an article to prescribe certain 
suffixes to be used for each category, as we now use -aceae for families and 
-ales for orders; the forepart of the name to be left, as at present, to indi- 
vidual preference. -phyta is to signify a division; you can have Tracheo- 
phyta, Cormophyta, or Spermatophyta and Pteridophyta, just as you 
please ; these being taxonomic judgments reflected in names. The scheme of 
suffixes is as follows: Division, -phyta (except fungi, -mycota) ; subdivision, 
-phytira (in fungi, -mycotina) ; class, -opsida (in algae, -phyceae; in fungi 
-mycetes) ; subclass, -idae (in algae, -phycidae ; in fungi, -mycetidae). These 
endings, originally proposed as an article, were adopted only as a recom- 
mendation ; you are still entitled to use any endings you please, just as at 
present. An article, however, was created to deal with names of orders and 
suborders, which must end in -ales and -ineae respectively. Another new ar- 
ticle makes it clear that names of taxa higher in rank than orders are not 
subject to priority. The whole business of naming the higher categories is 
therefore left in about as vague and muddled a state as it is now. 

One member of Lam’s committee presented a minority report, embodying 
a proposal that all taxa of all categories be typified, and that their names be 
based on their types; further that the suffixes used be not arbitrary, as at 
present, but indicative of the rank of the taxa in question. This was un- 
favorably received. Not even families and orders were to be named from 
their types, but from their ‘‘principal’’ genera or families; and indeed the 
committee on rules for typification recommended that taxa above orders be 
not typified. However, the report of the latter committee, which was adopted, 
did provide in a roundabout way the provision denied in Lam’s proposal. 
‘‘The type of a taxon above the rank of genus to that of order is always the 
lower taxon whose name was derived from the same root (generic name).”’ 
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The type of Gramineae is presumably Gramen (if this is a root) ; Polygona- 
ceae and Polygalaceae have a root in common; but, aside from such incon- 
sistencies, the type of Rosaceae is Rosa, of Liliaceae Lilium; i.e., the names 
of most families (and orders) are, according to this provision, based on 
their types, because their types are based on their names. 

Several proposals dealt with the retention of eight common familial 
names as exceptions to the rule:—Palmae, Gramineae, Cruciferae, ete. The 
vote was tied on whether to allow them as optional exceptions or to fix 
them on their families, and the question was referred to the special com- 
mittee on phanerogams. 

Names of Subdivisions of Genera. There seemed to be an evident wish 
to clarify and systematize names of subgenera and sections, but any action 
would apparently mean considerable name-changing. The most important 
change finally adopted was the rule that the subgenus which contains the 
type of the generic name must bear that name unchanged, even if an earlier 
name is available. This will mean abandoning many established subgeneric 
names. The same proposal was originally to have included sections, but 
these were excluded because names of sections are commonly of another 
form than that of the genus. 

Names of Infraspecific Taxa. At Utrecht in 1948 the debate was long 
and vigorous on the naming of the subspecies or variety or form that con- 
tains the type of the species; the practice, common at, least in America, of 
repeating the specific epithet for such taxa was finally approved. At Stock- 
holm the same rule was adopted with scarcely any debate; the only ques- 
tions were of wording. With this goes the rule that a species is considered 
as the sum of its varieties. No longer ‘‘the species’’ as distinct from its 
variety ; if you name a variety which does not contain the type of the spe- 
cies, a variety which does contain that type is automatically created, and 
this is named by repeating the specific epithet, without citation of authority. 
Such epithets as typicus, genuinus, ete., are declared illegitimate. 

This will certainly be one of the most generally noticeable changes in 
the rules. 

Names of Hybrids and Other Special Categories. At the Utrecht Sym- 
posium it was suggested that a committee be formed to consider the out- 
dated, not to say medieval, provisions for naming hybrids in the eurrent 
rules and to make recommendations to the Congress. Dr. W. H. Camp was 
named secretary of the committee. A set of rules was worked out by this 
committee, which represented experimental as well as formal taxonomic 


disciplines, and was adopted by the Congress. 


The main principle for naming hybrids is unchanged. They are desig- 
nated by the familiar formula, connecting the names or epithets of their 
parents by the ‘‘times’’ sign (x) or by a name. If the name is Latin, its 
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publication is subject to the same rules as any other botanical name. An 
important change is that the ‘‘x’’ in an interspecific but intrageneric cross 
which receives a ‘‘specific epithet’’ is placed before this epithet instead of 
before the generic name as hitherto. The latter position is reserved for inter- 
generic crosses. All offspring of crosses between individuals of the same 
parent species receive the same ‘‘specific’’ name if one is used. Provision is 
made for the naming of crosses between genera, subgenera, sections, species, 
and infraspecifie taxa, all on the same principles. Multigeneric hybrids may 
receive a ‘‘generic’’ name derived from the name of some collector or stu- 
dent of the group with the termination -ara. Graft-chimaeras, not being 
hybrids, are moved to the Appendix on plants in cultivation. All reference 
to the mythical ‘‘half-breeds’’ and plant ‘‘mules’’ is deleted. The existence 
of apomicts and clones is recognized, and provision made for designating 
their status, when it is desirable, by suitable abbreviations. The term notho- 
morph is adopted in the rules. Nothomorphs are the different hybrid forms 
of one parentage, all united in a collective taxon under one binary name. 

In short, we now have in the rules provisions by which the experimental 
taxonomist may designate the populations in which he is interested; while, 
of course, formal taxonomy is not impeded in its normal procedure. This in 
my opinion was one of the significant achievements of the Section of Nomen- 
clature. 

Nomenclature of Plants in Cultivation. As with hybrids, the problem 
of naming plants in cultivation were assigned to a special committee; the 

























committee was in fact the same as that responsible for the new provisions 
on hybrids. It included representatives of horticulture from several coun- 
tries, as well as experimental botanists and taxonomists. I do not know if 
previous botanical congresses have been attended by horticulturists who 
voted on questions of nomenclature ; but in any case it is encouraging that 
they should have done so at this session. As a result of their cooperation, we 
have a better chance of evolving a set of rules which will be of service not 
only to orthodox taxonomists but to all others also who must use plant 
names. 

Note that the title of this section, ‘*‘ Nomenclature of plants in cultiva- 
tion,’’ is expanded from ‘‘ Names of plants of horticultural origin’’ to in- 
elude all plants in cultivation, crop plants as well as those of gardens, and 
plants domesticated from the wild as well as those of garden origin. 

An entirely new Art. 35 replaces the old, and may be here quoted in 
full: 

‘*Plants brought into cultivation from the wild and which differ in no 
fundamental way from the parental stocks, bear the same names as are 
applied to plants of the same categories in nature. 

‘*Plants arising in cultivation through hybridization, mutation, or other 
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processes which tend to establish recognizable differences from the parental 
stocks, receive fancy epithets preferably in common language and markedly 
different from the Latin epithets of species or varieties. 

‘Detailed regulations for the nomenclature of plants in cultivation ap- 
pear in Appendix VII.’’ 

Appendix VII will contain provisions for naming plants of the various 
special categories familiar to growers, such as: graft-chimaera, line, clone, 
grex hybrida, line-hybrid, as well as the hybrids already dealt with. Regula- 
tions are included also for the forming of faney names and for publication 
of horticultural names. The Appendix is in the form of a recommendation 
and guide for the future, not that of an article and not retroactive. 

These provisions were approved by the Section for submission to the 
International Congress of Horticulture which is to meet in 1952. When 
they are accepted by this congress they will be incorporated into the Inter- 
national Rules of Botanical Nomenclature. 

Publication. Several changes were made in the rules which tend to 
clarify certain points governing effective and valid publication. 

Art. 36 is simplified to the following version: 

‘*Publication is effected, under these Rules, by distribution, by sale, by 
exchange, or otherwise of printed matter.’’ 


‘ 


No attempt is made to define ‘‘ printed matter,’’ since means of produc- 
ing reasonably permanent and legible material are now so varied that a 
definition is almost impossible. No reférence is made to ‘‘indelible auto- 
graphs,’’ which are presumably not printed matter, nor to a list of ap- 
proved botanical institutions. In short, the rule is improved by being lim- 
ited to the statement of a principle and presupposing a certain amount of 
intelligence on the part of botanists in applying the principle, instead of 
trying to legislate in detail against every possible eventuality. 

Botanists are especially cautioned to avoid publication in ephemeral 
books or pamphlets. Seedsmen’s catalogues and advertisements are specifi- 
cally excluded from means of publication in the future. The same applies 
to labels of exsiccata, even if printed. 

For valid publication a name must be accepted by its author ; provisional 
and alternative names are all excluded in the future. Thus ends a wrangle 
over just what was intended by the rule adopted at the Amsterdam con- 
gress, with an attempted distinction between alternative names, for imme- 
diate use, and provisional names, for future use. In the future also the rank 
of a taxon must be clearly indicated. All these provisions will take effect 
from a certain date to be assigned, so as to avoid endless changing of names 


already published and accepted. 
New transfers and combinations are validly published only when the 
basonym is clearly indicated with author, date, and place of publication ; 
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and the author must actually make the combination 
tions are not considered validly published. 


‘‘implied’’ combina- 










Something of a diversion was provided by the algologists, who proposed, 
apparently unanimously, to dispense with the necessity of Latin diagnoses 
in describing new species of algae, requiring instead a diagnosis in two lan- 
guages, of which one must be French, German, or English. This was de- 
feated, in spite of considerable urgency on the part of the proposers. 

Citation of Authority. A discussion occurred over double citation of 
authority—the ex, in, and apud question. It was easily agreed to drop apud. 
Ex and in, however, were retained, in spite of the difficulty, which was 


pointed out, of deciding which to use in a given place; ex is prescribed 









when the publishing author supplies the description, in when the original 
author does so, and it is often impossible to know the source of the deserip- 
tions in older works. Furthermore, the first paragraph of Art. 48, dealing 
with the use of ex, was retained as an Article, but the second paragraph, 
prescribing im, was demoted to a Recommendation. The use of ex is there- 
fore mandatory in certain situations, but in other situations the use of in 












is optional. Also, in spite of almost universal practice to the contrary, the 
sentence is retained saying that if only one author is cited it must be the 
publishing author. This entire subject seems to me to be in a rather worse 
state than it was before. 

Parenthetic citation must now refer to the first author to use an epithet 
legitimately ; this may actually result in obscuring the type with which the 
epithet is connected. 

Rejection of Names. Articles 62 (on nomina ambigua), 63 (nomina 
dubia), and 64 (nomina confusa) were all attacked together. It was pro- 


















posed to delete all three, and various combinations of two of them, substi- 
tuting one or more recommendations. Finally each article was considered 
separately. Art. 63 with its attendant Recommendation XXXVII was de- 
leted. Nomina dubia are no longer in the rules. Presumably botanists may 
still continue to reject names the application of which they cannot deter- 
mine, as they always have. Art. 62 was retained with slight amendments. 
A name may still be rejected as a nomen ambiguum if it has become a source 
of confusion. Art. 64 was reworded according to the American proposal: A 
name must be rejected if its characters were derived from entirely dis- 
cordant elements, unless it is possible to select one of these as a satisfae- 
tory type of the name. A statement was added that names of lichens are 
considered to apply to their fungal components. Originally this read ‘‘to 
apply to their fungal components only’’; but the last word was deleted, 
leaving the intent of the rule slightly obscure. 

It is noteworthy that the provision for lists of rejected names was re- 
moved from all these articles. The sentiment of the Section seemed to be 
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against lists of rejected or excluded names, perhaps as furnishing a dan- 
gerous precedent, perhaps because existing lists of conserved names are 
already so long. 

The question of monstrosities (Art. 65) was raised but since the impli- 
cations were not clear, was deferred until the next congress. 

Orthography. The late Dr. John Hendley Barnhart used to say that 
spelling had no place in nomenclature. However that may be, it is defi- 
nitely in the rules, in what may be thought unfortunate detail. The guiding 
principle is a good one, and clear—to maintain the original spelling. But 
the question of what differences among names are due merely to ortho- 
graphic variation and therefore subject to correction and what constitute 
real differences between words has never been clearly stated. It has been 
shown that the examples now in the rules were really selected on the basis 
of expediency rather than by the various criteria set up in the rule. If 
there is risk of confusing two names, e.g. if the genera are closely related 
(such as Asterostemma and Astrostemma in the Asclepiadaceae), then the 
names are considered orthographic variants and one must be abandoned. 
[If there is no such risk (as with Symphyostemon in the Iridaceae and Sym- 
phostemon in the Labiatae), both may be retained as different names. One 
proposal was made to write this into the rule and legalize actual practice. 
This was favorably discussed, in spite of an adverse preliminary vote; but 
unfortuately the preliminary vote was heavily in favor of another proposal 
which furnished a long list of specified differences to constitute orthographic 
variation (e.g., names differing only by the presence or absence of an h, 
or by a single as compared with a double consonant, are orthographic vari- 
ants), without mention of risk of confusion. The application of this pro- 
posal, if it is attempted, will mean that several of the examples must be 
changed and present practice upset. Either Symphostemon or Symphyo- 
stemon, whichever is later, must be abandoned. But both Asterostemma and 
Astrostemma may be retained. As far as my notes show, the matter was left 
hanging—‘‘ referred to the editorial committee.’’ Just what power this com- 
mittee really has to resolve this jumble is dubious, but perhaps there is hope. 

A note was adopted to allow the correction of the personal termina- 
tions of epithets -i and -ae to -ii and -iae respectively, so that they will all 
conform to the existing Recommendation on the subject. 

These discussions ended with a quite vociferous wrangle on whether the 
stem of Latin words ever ends in a vowel, and whether the ‘‘connecting 
vowels’’ of Ree. XLIV are indeed connecting vowels. This also was left to 


the editorial committee, which must obviously secure expert philological 
help in its deliberations. 

Finally came the matter of specific epithets—to capitalize or not to cap- 
italize. Considering that this is only the subject of a Recommendation, it 
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received an excessive amount of botanical time and energy. It was pointed 
out that no matter what the Congress proposed, editors would dispose as 
they see fit. A number of proposals were discussed, to recommend uniform 
deeapitalization, to reword the present Recommendation, to delete it en- 
tirely. The one accepted said ‘‘specifie and subspecific epithets should be 
written with a small initial letter.’’ But this was still so unacceptable, even 
as a Recommendation, to some persons that a reconsideration was forced at 
a later session, and the Section finally rescinded their action and substituted 
another version, to the same effect but also furnishing a guide for those 
who desire to use capital letters. On this note the nomenclatural delibera- 
tions of the Section came to an end. 

All proposals for conservation were referred to the special committees 
concerned ; these remain active until the next congress. The old Executive 
Committee was replaced by two committees: one, of elder statesmen, called 
the Advisory Board on Nomenclature, the second the General Committee on 
Nomenclature. On the Advisory Board are Hochreutiner, Mattfeld, Merrill, 
Ramsbottom, Sprague, and Pulle. On the General Committee are all Secre- 
taries of special committees, and Robyns, Camp, Dandy, Hylander, Donk, 
Rothmaler, Van Steenis, Humbert, Rickett. Then there is an editorial com- 
mittee for the fourth edition of the rules, consisting of Lanjouw as editor, 
assisted by Sprague, Baehni, Robyns, Mattfeld, Merrill, Rickett. The Rap- 
porteur-Général, Lanjouw, is ex officio a member of all committees. There 
are special committees for Phanerogams (Secretary, Pichi-Sermolli) ; Pte- 
ridophytes; Mosses; Liverworts (Fulford) ; Lichens; Fungi (Rogers) ; Al- 
gae (Lofering); Paleobotany (Thomas); Plants in Cultivation (Camp); 
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THE EFFECTIVENESS OF THE SPECTRUM IN AVENA 
INTERNODE INHIBITION 


RicHarp H. Goopwin ANp Oua@a v. H. OWENS 


Various physiological processes in plants are profoundly affected by 
radiant energy. This energy must be absorbed before it can have a photo- 
chemical effect. In most cases specific chemical compounds are responsible 
for this absorption. Information concerning the nature of the absorption 
spectrum of the compound involved can be secured by determining the ac- 
tion spectrum of the particular phenomenon under consideration, that is, the 
relationship between the reciprocal of the amount of monochromatic radiant 
energy required to produce a constant physiological effect and the wave 
length. 

A number of investigations on the effectiveness of various regions of the 
spectrum in inhibiting elongation of the first internode of Avena seedlings 
have shown that red light is most effective in bringing about such inhibition 
(du Buy & Nuernbergk 1929; Johnston 1937; Avery, Burkholder & Creigh- 
ton 1938 ; Goodwin 1941). The most light-sensitive phase of this inhibition 
is due primarily to a reduction in the number of cell divisions in the inter- 
node (Avery, Burkholder & Creighton 1937a; Goodwin 1941). <A tentative 
action spectrum for this phenomenon was published by Weintraub and 
McAlister (1942), and this was later revised by Weintraub and Price (1947) 
to include further data. These investigators used continuous irradiations 
of very low intensity to produce their inhibitions. In a preliminary paper 
(Goodwin & Owens 1948), the authors reported an action speetrum for in- 
ternode inhibition produced by short exposures of higher intensity. Since 
then, the data have been treated statistically, and the action spectrum recom- 
puted. The details of this investigation are given in this paper. 

Materials and methods. Victory oats, Avena sativa var. Victory, ob- 
tained from Mr. Marshall Rumsey of Batavia, New York, were used. Large 
seeds were selected, husked, and thoroughly wet with distilled water. They 
were then laid out in a circle, groove down, at an angle of about 60 degrees 
in glass dishes on wads of absorbent cotton soaked with distilled water. 
Twenty-five to thirty seeds were placed in each dish. The dishes were 
placed in a light-tight box within 5 minutes of wetting, and were removed 
to a darkroom in which the temperature was held at 25° + 0.3° C., and the 
relative humidity, at 90 per cent. The plants were grown under these con- 
ditions for 1.5 days, at which time they were irradiated. It has been shown 
that an exposure to light at this stage will have a maximum inhibitory effect 

11 
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(Goodwin 1941). The irradiations were carried out in an adjacent, air- 
conditioned darkroom maintained at the same temperature and humidity. 

Two sources of light were used for the irradiations, a 220-volt mereury 
in quartz are lamp and a General Electric Sodium Lab-Are, each in con- 
junction with liquid and glass filters selected to isolate single monochromatic 
bands. The transmissions of the various filter combinations and the wave 
lengths of the spectral lines isolated from the mercury and sodium are 
spectra are shown in figure 1. A voltage stabilizer was not used in the lamp 


WATER 

CuSO4 3385 

QUININE 4303(x2) 

S113(x0.5) 4305 

| 503! 
5t20(x2) 


PERCENT TRANSMISSION 


WAVE LENGTH IN mw 


Fic. 1. Transmission curves of the filter combinations used to isolate spectral lines 
from the mercury and sodium are spectra. The positions of the major lines in these are 
spectra and the dominant wave lengths isolated are shown. The filters used were as 
follows: Water, a layer 5 em. deep; copper sulfate, 1.2 per cent solution, 5 em. deep; 
quinine hydrochloride, 0.4 per cent solution in 0.2 N HCl, 5 em. deep; Schott glass. filters 
numbers BG—11, OG—1, OG-2, RG-2, and VG—3; Corning glass filters numbers 2412, 2424, 
3060, 3385, 4303 (x2) double thickness, 4305, 5031, 5113 (0.5) one-half standard 
thickness, 5120, 5120 (x 2) double thickness, 5551, 5970, 9780. The transmission of the 
liquid and Schott filters has been reported by Avery, Burkholder and Creighton (1937b) 
and of the Corning filters, by the Corning Glass Works in their catalogue of glass color 
filters. 


circuits, but the light intensity was found to fluctuate not more than + 4 
per cent. The intensity of the irradiations was varied by altering the dis- 
tance from the light source and by interposing glass filters in the incident 
beam. It was measured at the position of the plants with a Photovolt 
Mode] 512 electronic photometer supplied with a type D phototube search 
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unit which is sensitive to a wide spectral range. This instrument was ecali- 
brated for 19 wave lengths between 365 mp and 660 my by the Electrical 
Testing Laboratories, Inc., utilizing a spectrometer and calibrated thermo- 
pile, so that photometer readings could be converted to absolute energy units. 

The dishes of plants were placed at the bottom of a white glazed flower 
pot and the mouth of the pot placed directly in the incident beam, so that 
the tips of the coleoptiles were directed toward the light source. Exposure 
times ranged between one second and 30 minutes. The plants were then re- 
turned to the original darkroom, where they were grown for another 3.5 
days. Great care was taken to exclude all stray radiation. A dish of dark- 
grown controls was always run along with each series of irradiations. 

A growth curve for completely dark-grown internodes is shown in fig- 
ure 2. By 1.5 days, the age at which the irradiations were made, the aver- 
=70 
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Fic. 2. Growth curve for the first internode in total darkness under the experimental 
conditions reported. 


age internode had attained a length of 2.2 mm. After five days it had 
completed its growth. By the end of five days the plants were removed and 
carefully measured with calipers. Abnormally smal] plants, usually those 
slow to germinate, were discarded. 

Results. The results of nine series of monochromatic irradiations are 
shown in figure 3, in which final length attained by the first internode is 
plotted against the logarithm of the total energy of the exposure expressed 
in ergs per square millimeter. The number of plants determining each 


point is given. The vertical line through each plot represents twice the 
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standard deviation of the mean. The probability that the true mean falls 
within these limits is approximately 95 per cent. The curves have been 
drawn through the data by inspection. 

It has been previously demonstrated that inhibition of the first internode 
consists of (1) a very light-sensitive phase brought about by the cessation 


of cell division and (2) a much less light-sensitive phase involving redue- 
tion in cell elongation (Avery, Burkholder & Creighton 1937a; Goodwin 
1941). It ean be seen from the curves in figure 3 that the relationship 


between inhibition and energy of exposure is not a simple one. For a num- 
ber of wave lengths there appear to be two steep drops separated by a 
plateau, and furthermore, no single curve can be fitted to the data for all 
wave lengths. These differences in the energy-inhibition curves indicate 
that the inhibition is a complex phenomenon involving at least two processes, 
one much more light-sensitive than the other. These are probably the ones 
affecting cell division and cell elongation respectively. In addition, each 
process has a different action spectrum. If this were not the case, the com- 
plex curves for various wave lengths should be essentially parallel. 

Where the slope of the curves is steepest the energy required to give a 
definite inhibition can be most accurately determined. The curves are 
steepest at the 10 per cent inhibition level. This is the point which was 
used to determine the action spectrum of the most light-sensitive phase of 
the inhibition. The spectral sensitivity of the less light-sensitive phase of 
the inhibition can best be determined at the 30 per cent inhibition level 
where the curves become steep again. 

In dealing with photochemical effects, the light is absorbed as discrete 
units or quanta, the energy of which varies with the wave length. It is de- 
sirable, therefore, to express the energy of irradiations in terms of their 
quantal content. From the curves in figure 3 the quanta required to give 
a 10 per cent inhibition (internode length 59.2 mm.) and 30 per cent inhibi- 
tion (internode length 46.1 mm.) have been determined for each wave length. 
These data are given in table 1. Action spectra, represented by the re- 
ciprocals of the values in table 1, expressed as per cent of the highest value, 
are shown in figure 4. In the action spectrum for 10 per cent inhibition 
(closed circles) the vertical lines indicate the limits within which the true 





Fic. 3. Length attained by five-day-old internodes plotted against the logarithm of 
the total energy of the irradiation for nine different wave lengths, Wave lengths in mu 
are given in the lower left-hand corner of each graph. Irradiations at various energy 
levels have been grouped into 0.5 log unit categories. The number of plants determining 
each point is given. The vertical line through each point represents twice the standard 
deviation of the mean. The curves have been drawn through the points by inspection. The 
average length of the internode for 1455 dark-grown controls (65.8 mm.) with twice the 
standard deviation of the mean is given by the horizontal lines in the upper left-hand 
eorner of each graph. 
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values would be expected to fall with a probability of 95 per cent. Dif- 
ferences between this spectrum and the one given in our preliminary report 
(Goodwin & Owens 1948) are due to the fact that inhibitions were origi- 
nally calculated by subtracting the length of irradiated plants from the 
average of the dark controls grown on that day, whereas the present values 
were calculated using the grand average of the dark controls for all ex- 
periments. 

Discussion. Action spectrum for ten per cent inhibition. The pur- 
pose of an action spectrum isto obtain information concerning the pigment 
in the organism which is absorbing the energy. In order to establish the 
fine structure of such a spectrum a large number of points is required, and 
narrow spectral bands should be used for the irradiations. A few points 
on an action spectrum may be useful, however, in comparing one light-sensi- 
tive process with another. The action spectrum for 10 per cent inhibition 


TABLE 1. Quanta required to produce a given percentage inhibition at nine dif- 
ferent wave lengths. 


Quanta per mm.? x 10 required for: 
Wave Quanta per erg . 
length in mu < 10 10 per cent 30 per cent 
inhibition inhibition 


405 
436 
498 
546 
577 
589 
616 
623 
691 


2.06 0.152 

0.640 1760 
0.875 

0.495 1640 
0.039 674 
0.045 5.5 
0.021 <39 
0.012 89 
0.051 206 
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of the Avena internode shows the following characteristics: high effective- 
ness at 623 my, a steep drop between this value and 546 mp, minimum effee- 
tiveness at 498 my, and increased effectiveness at 405 mp. These are all 
characteristics of the action spectra for stimulation of leaf length growth in 
etiolated peas and for photoperiodic control of flowering in barley, cockle- 
bur and soybean, as pointed out by Parker, Hendricks, Borthwick and Went 
(1949). The action spectrum for stimulation of leaf length growth in etio- 
lated peas, calculated from data given in the paper just cited, is shown for 
comparison with our data in figure 5. Not only is there a steep drop-off 
between 620 and 600 mp, but there is also a shoulder, or possibly a peak, 
between 570 and 590 my» in both curves. Unfortunately we have only one 
point above 623 mp. The data of Weintraub and Price (1947) for inter- 
node inhibition of Avena, although not strictly comparable to ours, since 
they used continuous irradiations of much weaker intensity, are also shown 
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Fig. 4. Action spectra for 10 per cent and 30 per cent inhibitions. Relative effective 
ness values are the reciprocals of the quanta required to produce the inhibitions, expressed 
as per cent of the highest value. Vertical lines represent the limits within which the true 
values would be expected to fall with a probability of 95 per cent. 

Fie. 5. A comparison of action spectrum data for internode inhibition in Avena 
with the action spectrum for leaf growth stimulation in etiolated peas, Heavy solid circles 
and line, 10 per cent inhibition of Avena internodes (data from fig. 4). Squares, Avena 
internode inhibition data from Weintraub and Price (1947). Dots and light line, action 
spectrum for etiolated peas calculated from table 4 of Parker, Hendricks, Borthwick and 
Went (1949). Relative effectiveness values are the reciprocals of the quanta required to 
give a constant effeet, expressed as per cent of the highest value, in each case. 


in figure 5. From the available points one can conclude that the region of 
the spectrum between 622 and 710 mz is effective both for Avena internode 
inhibition and for pea leaf growth stimulation. More data are needed to 
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determine the shape of the action spectrum for Avena internode inhibition 
in this region. 

Of the various pigments which are known to be present in the completely 
etiolated Avena shoot, those which absorb in the blue region of the spec- 
trum, but not in the red (e.g. B-carotene (Wald & du Buy 1936) and ribo- 
flavin (Galston & Baker 1949) ), cannot be involved in these inhibitions, ex- 
cept possibly as color filters screening the active pigment system from some 
of the blue light. Protochlorophyll has been isolated from etiolated barley 
seedlings (Koski & Smith 1948) ; and a comparison between its absorption 
spectrum and the action spectrum for chlorophyll formation as determined 
by Frank (1946) for etiolated Avena seedlings (Smith 1948) indicates that 
protochlorophyll is also present in Avena. The absorption spectrum of 
protochlorophyll in ether is similar to the action spectrum for 10 per cent 
internode inhibition in having an absorption maximum in the red at 623 mg, 
a lesser one in the yellow at 571 my and a minimum at about 500 ma. It is 
dissimilar in having almost no absorption at wave lengths longer than 650 
my, and in having a strong absorption maximum in the blue at 432 mp. The 
action spectrum for 10 per cent internode inhibition, on the other hand, in- 
dicates some effectiveness of light from 650 up to 710 mp, and shows a very 
low value at 436 mp. The discrepancy at the blue maximum might possibly 
be due to very effective screening by the yellow pigments. Further work 
will be required before the pigment or pigments responsible for various 
effects of light upon the growth of etiolated plants can be identified. 

Comment should be made on the relative advantages for the determina- 
tion of an action spectrum of continuous illumination and of short exposures 
in Avena internode inhibitions. The relationship between log energy and 
inhibition for continuous illumination of very weak intensity, as reported by 
Weintraub et al. (1942, 1947), is a linear one over a wide range of energy. 
This is of great advantage when it comes to analyzing the data. On the 
other hand, the possibility must not be overlooked that these long exposures 
may induce the synthesis of traces of pigments which might not otherwise 
be present, or induce initial alterations in the size and proportions of the 
plant. These effects in turn may alter the quality or quantity of the energy 
intercepted by the plant during the later stages of the exposure. 

Action spectrum for 30 per cent inhibition. The points on the action 
spectrum for 30 per cent inhibition, shown as a broken line in figure 4, in- 
dicate a sharp peak at 589 my. Values at 623 and 691 mp are somewhat, 
but not very much, higher than those at 405, 436, 546 and 578 mp. The 
data do not permit one to determine the energies at this point on the inhibi- 
tion curve with much precision, and hence any conclusions drawn from this 
curve should be tentative. If there really is a peak at 589 mp, it means 
that an entirely different pigment is effective in bringing about these larger 
inhibitions. This interesting possibility needs further investigation. 
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Energy required to bring about a threshold inhibition. It has already 
been shown that for the most light-sensitive phase of internode inhibition 
the amount of inhibition is a function of the total energy received by the 
plant, at least over a limited range of intensities and lengths of exposure 
(Goodwin 1941). An interesting extension of this relationship may be 
made by comparing the total amount of energy required to give a threshold 
inhibition, using a one to fifteen second exposure (data from fig. 3) and 
continuous irradiation of much lower intensity during the entire period of 
internode growth (data from Weintraub et al. 1942, 1947). Threshold in- 


TABLE 2. Total energy required to produce a threshold inhibition. A comparison of 
the effect of continuous, very weak illumination (data of Weintraub et al., 1942, 1947) 
with that of very short (1-15 second) exposures to light of higher intensity. 





Total energy in ergs per mm.* x 100 





Energy source® Markton oats; 
Wave Continuous exposure> 
length ( Weintraub, et al. 
in mu 1942, 1947) 


Victory oats; 
Exposure 1-15 seconds 
(Data from fig. 3) 





Hg are 405 2.82 
Incandescent lamp 431 14.30 

Hg are 436 14.30 51 
Na are 498 5.8 

Hg are 546 20 
Incandescent lamp 550 3.60 

Hg are 577 0.31 
Na are 589 0.45 
Na are 616 0.22 
Incandescent lamp 620 0.32 

Hg are 623 0.05 0.11 
Incandescent lamp 649 0.29 

Incandescent lamp 660 008 

He are 668 1.17 

Hg are 691 

Incandescent lamp 710 72 

Incandescent lamp 770 90.40 


« Emission lines in the are spectra were isolated with glass filters; spectral bands 8.5 
to 13 my wide were isolated from an incandescent lamp with a double monochromator. 

> Length of exposure was taken as 100 hours in making these calculations. Dark-grown 
internodes had attained 90 per cent of their maximum length by that time, under the 
experimental conditions reported. 


hibition is taken as the point at which the energy-inhibition curve meets 
the level of the dark controls. Such a comparison is made in table 2. It is 
remarkable that the product of intensity times time at a given wave length 
is of the same order of magnitude in these two sets of experiments for values 
of time varying from one second to 360,000 seconds. The total energy re- 
ceived by the plant may be the factor controlling the initiation of the most 
light-sensitive phase of the inhibition, and it is possible that the energy is 
absorbed almost as effectively in one second as it is in 100 hours. 

It is also of interest to consider the total number of incident quanta re- 
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quired to give a threshold effect under our experimental conditions. This 
value is equal to about 3.5 x 10° quanta per mm.’ at 623 mp. Due to varia- 
tions in orientation of the seedlings and to complications of reflection from 
the cotton substratum and the sides of the container, it is not possible to 
calculate exactly the amount of energy received by the plant. For a rough 


estimate one might assume that the shoot (the internode plus coleoptile are 
about 4.7 mm. long and 1 mm. in diameter at the time of irradiation) would 
intercept a beam equal to the area of its median longitudinal section, or 
about 4.7 mm.*. This would give an estimated total amount of energy inter- 
cepted of not more than 1.6 x 10° quanta per plant. Some small fraction 
of this energy would actually be absorbed by the photosensitive system. 


SUMMARY 


1. The inhibitory effect of nine different wave lengths of monochromatie 
light on elongation of the first internode of dark-grown Avena sativa seed- 
lings is reported. The plants were irradiated with short exposures 1.5 
days after the beginning of germination. 

2. The relationship between energy and inhibition is a complex one, in- 
(licating that there are at least two different photosensitive systems, one 
operating at low energy levels and the other at much higher levels. 

3. The action spectrum for ten per cent inhibition, the more light-sensi- 
tive phase, shows high effectiveness at 623 my, a steep drop between 620 and 
600 mp, a shoulder between 570 and 590 mp, a minimum at about 500 mug, 
and a rise at 405 my. When the points on this spectrum are compared with 
the action spectrum reported by Parker, Hendricks, Borthwick and Went 
for leaf growth stimulation in etiolated peas, the similarities suggest that 
the same or very similar pigments are functioning in these two species. 

4. The action spectrum for 30 per cent inhibition of the Avena internode 
appears to be very different from that for ten per cent inhibition. It shows 
a sharp maximum around 589 my, suggesting that an entirely different pig- 
ment may be involved in bringing about this less light-sensitive phase of 
the inhibition. 

5. The total amount of incident energy required to give threshold inhibi- 
tions using 1- to 15-second exposures (our data) and 100-hour exposures 
(data of Weintraub et al.) is within the same order of magnitude for the 
wave lengths studied. 

DEPARTMENT OF BoTaNy, CONNECTICUT COLLEGE 

New LONDON, CONNECTICUT 
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MORPHOLOGY OF THE SPIKELET OF STREPTOCHAETA!' 
Vira@inia M. Pace 


Since Streptochaeta was first described by Schrader® in 1829, it has been 
referred to time and again in discussions on the phylogeny of the Grami- 
neae. Much of the attention has centered around the interpretation of the 
spikelet, particularly the structures immediately above the lemma—those 
bracts which have been called the palea. The early interpretation of the 
erass flower was based on the assumption that it was derived from the penta- 
eyclie trimerous type which is more or less characteristic of monocotyledons, 
and that reduction of the perianth occurred in connection with a change 
from insect to wind pollination. Hackel (1881) discarded this interpreta- 
tion and proposed a new theory in which he not only considered the palea 
as a prophyll but regarded the lodicules as two halves of a bract which con- 
tinues the distichy of the spikelet. He preferred to think of the grasses as 
plants which have not yet developed a perianth. In this he was supported 
by Pax (1890) and by Pilger (1939) and many others. On the basis of his 
study of Streptochaeta, which he regarded as primitive, Celakovsky (1895) 
revived the old interpretation of the grass flower ; and subsequent adherents 
to this theory have also used Streptochaeta as an illustration of a grass 
which exhibits primitive floral characteristics. 

Disagreement concerning the interpretation of the spikelet of Strepto- 
chaeta arose, partly because of preference on the part of the investigator for 
one or the other theory of grass phylogeny, and partly because there was no 
general agreement on the description of the spikelet. Since Streptochaeta 
is an important factor in Celakovsky’s revival of the old theory of phylogeny 
of the grasses, it was felt that further and more detailed study of this grass 
was needed in order to determine whether he was justified in using it as a 
basis for reestablishing this theory. It was with this in mind that the pres- 
ent study of the structure and interpretation of the spikelet was undertaken. 

For this work the author was fortunate in having at her disposal an 
abundance of living material of S. apicata from plants growing in the 
greenhouse at Indiana University. There were twelve plants, six of which 


originated from a single collection of spikelets obtained near Quirigua, 


1 Portion of a thesis submitted to the faculty of Indiana University in partial fulfil- 
ment of the requirements for the degree Doctor of Philosophy. 

The author wishes to express her gratitude to Prof. Paul Weatherwax under whose 
guidance this work was done. Appreciation is also extended to Dr. Ira L. Wiggins for 
reading and criticising the manuscript. 

2 Ex Nees von Esenbeck, Agrostologia Brasiliensis, 1829. 
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Guatemala by Paul Weatherwax in 1932. The remaining six plants were 
erown from seed produced by these. Since spikelets were formed in abun- 
danee annually, it was possible to make serial sections of, and to dissect, a 
large number of spikelets representing all stages of development. In addi- 
tion many structural abnormalities appeared from time to time, which 
proved to be very useful in the interpretation of the normal structures. 
Efforts to obtain living plants of S. sodiroana were unsuccessful, hence most 
of the investigation was confined to S. spicata. Dried specimens of 8S. sod- 
roana were obtained from the National Herbarium through the kindness of 
Mrs. Agnes Chase, and from the Chicago Museum of Natural History 
through the kindness of Dr. Paul Standley. 

Distribution and General Appearance. The two species, Streptochaeta 
spicata Schrad. and 8. sodiroana Hack., which comprise the genus, are con- 
fined to the moist tropical forests of the western hemisphere. S. spicata 
ranges from Guatemala south to southern Brazil and Paraguay. S. sodiro- 
ana has been reported from various parts of Central America but from only 
Ecuador, the type locality, in South America. 

In general S. spicata is more delicate in appearance than S. sodiroana. 
The eulms of the former stand about 0.75 m. high, whereas the latter aver- 
ages a full meter in height. The leaf blades (Page, 1947) of both species 
are large and broad; those of S. sodiroana average 25 em. x 7 em., and those 
of 8S. spicata average 12.5 em.x 4.5 em. The tough culms are hollow except 
at the nodes and branch quite freely. In 8S. spicata branches at the upper 
nodes frequently produce inflorescences, and an extra infioreseence may 
also appear on a short branch arising from a bud in the axil of the leaf 
which subtends the main flowering stalk. 

A mature inflorescence of S. spicata consists of an elongate spike bearing 
from eight to eleven spikelets spaced about two centimeters apart. Spike- 
lets of S. sodiroana are more numerous (about 100) and are crowded around 
the rachis. Serial sections cut from very young inflorescences of S. spicata 
show a definite 3 phyllotaxy, but Arber (1929) found that in mature in- 
florescences the spikelets are arranged according to a # phyllotaxy. As 
the flowering stalk matures, it tends to twist slightly so that the original 
phyllotaxy may be obscured. 

The Normal Spikelet. Although the normal spikelet of both species 


has been described in detail by earlier workers, particularly Celakovsky 
(1889, 1894), and the present investigation can contribute little that is new 


in that respect, a brief description here will provide a basis for comparison 
with abnormal spikelets. Because only a limited number of spikelets of S. 
sodiroana was available, the description and interpretation is based mostly 
on 8. spicata. 

Spikelets of either species are composed of eleven bracts which are more 
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Fig. 1. A. Spikelet of S. spicata. x 2.6. 
. Cross section of spikelet of S. sodiroana. 
of S. sodiroana. x 2.6. 


B. Cross section of spikelet of S. spicata. 
Lower five bracts not shown. D. Spikelet 
ax—rachis; lod—lodicule: o—ovary; pb—palea bract; sta— 
stamen; bracts are numbered consecutively beginning at base of spikelet. 
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or less similar in texture but differ in size and shape (fig. 1). The first five 
bracts are usually referred to as glumes, but for the purposes of the present 
paper, the term will be discarded in favor of the noncommittal term bract. 
The two lowermost bracts are small and scale-like, usually provided with 
a stout midrib terminating in a short, thick awn. They vary in appearance 
in different spikelets and differ from each other in size, character of the top 
margin, presence of an awn and size of the midrib. In position they lie 
more on the adaxial side without converging (fig. 1B). The third bract is 
somewhat broader than the first two, but it does not possess an awn nor a 
pronounced midrib. With reference to the spikelet axis, bract three lies 
almost laterally but slightly abaxially and is covered in part by bract one. 
Bract four lies with its back to the rachis and is covered on the one edge by 
bract three and on the other by bract two. It is similar to bract three in 
size and shape and is also awnless except in rare cases in which it assumes a 
form like that of the fertile bract. The fifth bract is similar to bracts three 
and four and is covered on one side by the fourth and on the other by the 
third bract. It lies not quite opposite four but slightly to one side so that 
bracts three, four and five seem to make up a trimerous cycle. 

This arrangement of the small bracts is the one most commonly found. 
In some cases, however, the fifth bract is overlapped by bract four, and in a 
few specimens bract four was found to overlap bract three. This variation 
in the direction of overlapping was the source of discrepancies in the various 
diagrams worked out by Doell, Hackel, Celakovsky and others, who were 
handicapped by the extremely small number of spikelets available to them. 

The sixth bract, commonly called the fertile lemma, is from 1.5 to 2 em. 
in length and narrows into an extremely long coiled awn whose tip becomes 
entangled in the hairs at the apex of the rachis. The lemma occupies a 
position opposite the fifth bract and encloses the flower. 

Overlapped by both edges of and facing the awned bract in the position 
of the palea are two bracts about 1.5 to 1.8 em. long in 8S. spicata and .8 to .9 
em. long in S. sodiroana. These bracts overlap each other in a direction 
opposite that of the preceding bracts and are united at the base. The 
acuminate tips are very stiff and curve outward. Both bracts are supplied 
with a large number of veins. In the following discussions these two bracts 


will be referred to as palea bracts, not because they are necessarily equiva- 


lent to the palea as found in ordinary grasses, but merely because they stand 
in the position of the palea. 

Within the covering of the two palea bracts and the awned sixth bract is 
a cycle of three large, many-nerved bracts which at maturity closely en- 
velop the caryopsis. In 8. spicata these bracts are about 2 em. long, while 
in 8. sodiroana they are about 1.2 em. in length with the posterior bract 
about 2 mm. shorter than the others. In texture they resemble the palea 
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bracts. These large structures overlap each other in a direction opposite 
that of the palea bracts, but not always in a consistent manner. In ap- 
proximately half of the spikelets examined the arrangement was convolute, 
and the other half was equally divided between an imbricate arrangement 
in which the outer member occurred opposite the lemma or opposite the outer 
palea bract. This inconsistency caused some of the early workers to arrive 
at divergent conclusions. Celakovsky, however, observed both the imbricate 
and convolute types. These bracts stand in the position occupied by lodi- 
cules in those grasses in which three lodicules occur and are generally con- 
sidered as such. Unlike the lodicules in most grasses, they do not swell and 
push open the bracts at anthesis. 

The essential organs of the flower consist of six stamens and an ovary 
with three styles. The stamen filaments are united for a very short dis- 
tance at the base before anthesis, and at the time of flowering, the fused por- 
tions elongate to form a tube around the style. The pollen is of the typical 
spherical, uniculpate, graminaceous type. The ovary is much like that de- 
seribed by Arber (1926) as characteristic of bamboos. The vascular system 
of the ovary wall consists of four bundles, one of these supplies the single 
ovule, one lies anterior opposite the lemma, and one lies in a latero-posterior 
position opposite each palea bract. Occasionally there are one or two extra 
bundles. 

Interpretation of the Spikelet. The preceding description shows that 
Streptochaeta is unique in several respects and does not follow the organiza- 
tion considered characteristic of the Gramineae. To be sure, a trimerous 


perianth, hexamerous androecium and a three-styled ovary are not peculiar 


to Streptochaeta but occur separately in many genera. It is, however, un- 
usual to find all three characteristics within the same flower. Spiral phyl- 
lotaxy and double paleas, on the other hand, are not found in any other mem- 
bers of the grass family. It is from these two features, therefore, that the 
question of the interpretation of the spikelet arises. In the following dis- 
cussion the phyllotaxy within the spikelet, the morphological nature of the 
bracts and the phylogenetic significance of Streptochaeta will be emphasized. 

The exact nature of the phyllotaxy within the spikelet is diffieult to de- 
termine. Doell (1870) regarded the first two bracts as prophylls and the 
following nine as two alternating cycles of three; that is, the first member 
of the second cycle falls opposite the last member of the first cyele. Cela- 
kovsky, although adopting this idea in part, thought of the bracts above the 
awned bract as being on a different axis from those below. After examin- 
ing serial sections of spikelets of both species, Arber (1929) came to the con- 
clusion that the sterile bracts fit no known pattern of phyllotaxy. 

Whether the first two bracts are prophylls is a matter of some doubt. 
Prophylls in the strict sense do not bear awns, nor do they usually oeeeur in 
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pairs in the Gramineae, although some workers are of the opinion that they 
represent two fused leaves. Measurements of the angles obtained by draw- 
ing a straight line from the center of the spikelet axis to the midrib of each 
bract on camera lucida drawings of cross sections of very young spikelets 
show that the first two bracts are approximately 135° apart, bracts two and 
three are almost directly opposite each other, three and four and four and 
five are approximately 135° apart, and five and six are opposite each other. 
[t is possible to determine the relative positions of these bracts with a cer- 
tain degree of accuracy by means of this method, although admittedly 
errors arise as a result of the difficulty of determining the exact center of 
the axis. For this reason readings often varied four or five degrees on 
either side of 135° or 180° as the case might be. The bracts above the 
awned sixth bract are more nearly 120° apart within a cycle, although here, 
too, the last member of the first cycle and the first member of the second are 
directly opposite. These data indicate that Doell and Celakovsky were cor- 
rect in describing the phyllotaxy within the spikelet as alternating cycles 
of three. The first two bracts may even be included, for they follow the 
same pattern except that the first member of the cycle is not present. 

The two palea bracts overlap throughout their length in a direction op- 
posite that of the lower bracts. For this reason Celakovsky considered the 
bracts above the fertile (sixth) bract as on a branch in its axil. In spikelets 
with two flowers the direction of overlapping of the palea bracts is not con- 
sistent ; usually those of one flower overlap in one direction and those of the 
other in the opposite direction, so that in one flower they follow the direc- 
tion of the spiral running through the lower bracts, while in the other they 
do not. Whether antidromy is a sufficient basis for differentiation between 
a branch and its parent axis also seems doubtful after one examines the 
phyllotaxy of the inflorescence as a whole. Very young inflorescences were 
selected for this examination, because the rachis in later stages of develop- 
ment tends to twist, thus obscuring the true phyllotaxy. These inflorescences 
showed that the spiral through the spikelets frequently runs in the same 
direction as the spiral through the bracts within the spikelet. This, how- 
ever, does not prove that Celakovsky was mistaken in assuming that the 
palea bracts and those above are in the axil of bract six, for identical strue- 
tures often appear in the axil of bract five, and an extra bract occasionally 
appears immediately behind the palea bract facing bract six. These strue- 
tures are difficult to explain if only a simple axis is involved. 

The morphological nature of the first five bracts is indicated by certain 
abnormal spikelets of S. spicata which have been observed on greenhouse 


plants and also on herbarium specimens collected in its native habitats. 
Doell (1880) described buds in the axils of the first two bracts, and Arber 
(1929) found buds not only above the first two bracts but also above bracts 
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three, four and five. She found buds in the axils of the third, fourth and 
fifth bracts in spikelets of S. sodiroana. So far I have not found recogniz- 


able buds above the first three bracts in any of the spikelets I have exam- 
ined, but flowers or flower rudiments can often be seen in the axil of braet 
five and much less frequently in that of bract four. The order of appear- 
ance is from the top of the spikelet down, in other words, when one extra 
flower or rudiment appears, it is always in the axil of bract five, and the 
second (usually rudimentary) is in the axil of bract four. Whenever one 
of these bracts becomes fertile or bears a rudiment in its axil, it assumes a 
form like that of the sixth bract complete with a long, coiled awn. Neither 
Doell nor Arber described such a modification in spikelets in which the first 
five bracts were gemmiferous. One spikelet was found in which all five 
bracts were more or less elongated and tapered, three, four and five bearing 
a long awn. There were no rudiments in the axils of any of the five. 
These observations support Arber’s conclusion that bracts three, four and 
five are homologous with bract six. On the basis of phyllotaxy, the buds 
observed by Doell and by Arber, and the spikelet in which both bracts were 
tapered like the fertile lemma, I would include the first two bracts as well. 

The two bracts standing opposite the awned sixth bract in the normal 
spikelet have caused much speculation, for on them hinges the question of 
whether the spikelet of Streptochaeta is the most primitive known. Doell 
(1870) considered them, together with the awned bract, as members of the 
outer perianth. Arber (1929) regarded the two bracts as halves of a single 
structure—a palea bifid almost to the base. Celakovsky (1895) in compar- 
ing the flower of Streptochaeta with the typical monocotyledonous floral 
diagram, observed that the lodicules bear the same relationship to the 
‘‘lemma’’ (bract 6) as the inner perianth cycle bears to the subtending leaf, 
and the two palea bracts correspond in position to the two posterior members 
of the outer perianth cycle in axillary flowers with a hexamerous perianth. 
From this he concluded that the two palea bracts are two members of the 
outer perianth. By applying the rules of phyllotaxy concerning alternat- 
ing trimerous cycles he postulated the presence of a suppressed member of 
the outer cycle opposite the outer member of the lodicule cycle and above 
the sixth bract, thus completing the outer perianth. 

As Arber (1929) pointed out, the perianth theory depends on establish- 
ing the two palea bracts as separate structures, but she preferred to con- 
sider them as halves of a single structure. That two bracts are involved is 
evident when developmental stages are studied. They arise from two pri- 
mordia which, as growth proceeds, expand so that their adjacent edges ap- 
proach each other and finally overlap (fig. 2 C). Their vascular supplies 
are separate from the very beginning. Because these bracts become fused 
for a short distance from the base does not appear to me to be a sound reason 
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for considering them halves of a single structure. Furthermore, the outer 
edges of these bracts often fuse with the edges of the lemma in 8S. spicata 
and do so regularly in S. sodiroana, yet they would hardly be considered as 
parts of one structure. 

Since the ‘‘ palea’’ is clearly composed of two bracts, Celakovsky’s theory 
can now be considered. Goebel (1895) was able to demonstrate the pres- 
ence of the postulated third bract as a rudiment in young spikelets. All 
young spikelets which I have dissected or sectioned have confirmed Goebel’s 
observations of a ridge RPB opposite the palea bracts PB (fig. 2 B, C). 
In addition a few spikelets have appeared in which the rudimentary bract 
was well developed. There are, then, not only two but potentially three 
bracts in the cycle immediately above the awned sixth bract and below the 
lodicules. Whether these should be interpreted as an outer perianth, how- 
ever, is a matter for further consideration. 

In this connection two types of anomalous structures should be men- 
tioned. The first type appeared in only two specimens. In these eases the 
fifth bract was fertile, and, in addition, each of the two palea bracts in the 
axils of bract six bore a short curled awn (fig.2 D, E, F). This opens up an 
entirely new approach to the problem, for the presence of awns suggests that 
these bracts are neither palea nor perianth but sterile lemmas. If these are 
in reality lemmas, then it is evident from a consideration of the eross see- 
tional diagram of the spikelet (fig. 1) that neither of these bracts should be 
designated as the fertile lemma. It can be seen that the ovule attachment 
point and the palea bracts lie posteriorly in relation to the awned sixth bract. 
According to the pattern normally observed in the Gramineae, the ovule at- 
tachment point lies opposite the lemma and on the same side of the floret as 
the palea. Neither palea bract, therefore, is in the right position in rela- 
tion to the ovule attachment point to be considered as the fertile lemma. 
The suppressed member, however, occupies the position in which the fertile 
lemma would be expected. According to this hypothesis the structure 
which has been called the spikelet in Streptochacta would be as follows 
(fig. 3 A): the main axis is clothed with six bracts all of which may bear 
branches in their axils, but only the sixth does so regularly. The branch 
in the axil of bract six bears two bracts and a rudiment of a third. In the 


axil of the rudiment there is a flower, complete except for an outer perianth. 


Such a picture conforms to the type of inflorescence found in the mono- 
cotyledons in general rather than to the specialized typés characteristic of 
the grasses. 

The presence of awns on the palea bracts does not entirely remove the 
possibility of their being sepals. An explanation can be found in the old 
theory concerning the foliar origin of the calyx in flowering plants. It is 
generally agreed that the bracts called lemmas are modified leaves in which 
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Fig. 2. A. Abnormal spikelet and diagram of its longitudinal section showing posi- 
tion of extra bract. B. Young spikelet of S. spicata with first 6 bracts removed to show 
rudimentary bract in palea bract cycle. C. Diagram of cross section of young spikelet. 
D and E. Abnormal spikelets showing awned palea bracts. F. Cross section of D. eb— 
extra bract; lod—lodicule; pb—-palea bract; rpb—rudimentary bract; sta—stamens; 
sty—style; bracts are numbered according to position, 
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the blade has become reduced entirely or remains in the form of an awn. 
The awned palea bracts, then may merely represent sepals which have re- 
verted to leaf-like forms. A possible objection to placing these awned palea 
bracts in the same category with the awned sixth bract and those below it is 
the difference in the phyllotaxy. The palea bracts follow the pattern of 
the lodicules rather than that of the other bracts. 

The second type of abnormality occurred in several otherwise normal 
spikelets. In these a long, tapered bract, EB of the same texture as the 
palea bracts was present above and behind the palea bracts (fig.2 A). At 
first glance this bract appeared to be in the axil of bract five, but close ob- 
servation showed that it was attached approximately at the same level as the 
palea bracts and also faced bract six. That the extra member had no rela- 
tion to bract five is further brought out by the fact that it was about as long 


. flower 
, - flower | 
SO -tewe extra bract 1, (2 | extra broct ‘ <= 
Soe 1 paleo bracts © broct—__f 
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polea bracts 


rochille 
subtending bract 


rachis 


A B 
Fig. 3. Diagrams of hypothetical spikelets. Broken lines and stippled portions 
represent potential structures. Solid lines and portions represent structures normally 


present. Numbers refer to bracts. Internodes between bracts are elongated for sake of 
clarity. 


as or longer than the palea bracts, whereas the fifth bract remained small 
and seale-like. Although it is possible for a bract to be reduced while the 
structures in its axil, which ordinarily are suppressed, develop to a greater 
or less extent, this does not appear to be the case here. In the many spike- 
lets I have examined in which the fifth bract appeared in all gradations 
from a scale-like structure to a fully developed and awned bract, no well 
developed floral part appeared unless its bract had become fully developed 
and bore an awn. If any rudiments at all appeared in the axil of bract 
five, they were always one or both palea bracts which have a lateral position 
and do not face the sixth bract. It is clear, then, that some other interpre- 
tation must be given this anomalous structure. 

There are several possible interpretations for this extra bract. Since it 
does not fit into the pattern of phyllotaxy laid down by the first six bracts, 
it cannot be on the same axis. If it were on the same axis, it should lie 135° 
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froa bract six rather than 180°. An alternative would be to regard it asa 
reduced lemma in the axil of bract six. This, however, would imply that 
the spikelet is reduced from a compound structure. Such an interpretation 
is not entirely without precedent, for compound ‘‘spikelets’’ have been de- 
scribed for three species of bamboos. According to Pilger (1927), Roeper 
described two species of bamboo as branching from the glumes. Pilger 
himself found branching to occur in ‘‘spikelets’’ of species of Guadua. 
Mobius (1898) reported compound ‘‘spikelets’’ in Bambusa vulgaris Wendl., 
and MeClure (1934) described a similar phenomenon in the pseudo-spikelets 
of Schizostachyum adding that compound spikelets are probably more com- 
mon in other genera than has been suspected. 

[f the extra bract represents a branch, it would be of interest to deter- 
mine the type of phyllotaxy which may have existed on this branch. A dis- 


tichous arrangement of its members would present a clue to the interpreta- 


tion of the phyllotaxy of the lower six bracts on the rachilla. Distichy is 
characteristic of the unit of inflorescence in the Gramineae, therefore, if the 
hypothetical branch had a distichous phyllotaxy, it could be considered 
homologous with the spikelet in other grasses, and the axis bearing the six 
spirally arranged bracts would merely represent a branch of the inflorescence 
axis. It is impossible, however, to ascertain at this point the phyllotaxy of 
an axis bearing only one leaf. According to the rules generally applied to 
phyllotaxy in the Gramineae, the plane of distichy of a branch is at right 
angles to that of the axis from which it arises, so that the first leaf on the 
branch lies 90° from the subtending leaf. Whether the first leaf of a 
distichous series on a branch arising from a spiral series would follow this 
same pattern, or whether it would be expected to lie 180° from the sub- 
tending leaf as is the usual case with leaves in a spiral series of monocotyle- 
dons, is a matter which has not been determined. 

The only key to the true situation lies in the interpretation of the two 
palea bracts. If these are abortive lemmas, their position in relation to the 
extra bract would necessitate regarding them as on an axis arising from the 
extra bract, (fig. 3 B), because placing them on the same axis would intro- 
duce discrepancies in phyllotaxy which would be difficult to reconcile with 
any type of leaf arrangement existing in the rest of the plant. In either 
case, however, the absence of a distichous phyllotaxy in the bracts above the 
extra bracts is an indication that a distichous phyllotaxy was absent in the 
hypothetical branch represented by the extra bract. It is possible, then, 
that distichy has never been expressed in any part of the inflorescence in 
Streptochaeta. 

[f one is a firm believer in the prophyll as a morphological entity, the 
extra bract may be interpreted as the true prophyll in the axil of bract six 
(fig. 3 C). It is, however, neither bikeeled nor limited to two vaseular 
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bundles, but departures from this pattern are not unusual in the prophylls 
of terminal flowers in the Gramineae (Oxytenanthera, Arrhenatherum), 
nor is it inconsistent with the structure of the prophylls in the vegetative 
part of the plant. Such a consideration of the extra bract would be con- 
sistent with either the perianth or the lemma interpretation of the palea 
bracts, but the former would necessarily exclude Celakovsky’s theory of the 
origin of the grass palea form two outer perianth members. 

From the preceding discussion it appears that the extra bract may be 
interpreted in two ways: as a lemma or as a prophyll. Since there is no 
conclusive evidence for or against either interpretation, both must be given 
consideration in the interpretation of the spikelet as a whole. The prophyll 
view has interesting implications, for it provides additional evidence against 
the interpretation of the palea as two halves of a prophyll (palea). On 
the other hand, if the extra bract is regarded as a lemma, it is no longer 
possible to consider the structure heretofore called a spikelet in Strepto- 
chaeta homologous with those of other grasses. 

The portion of the spikelet above the palea bracts has caused little dis- 
agreement among grass morphologists. Few investigators have doubted the 
perianth nature of the lodicules, although Hackel preferred to think of 
them as extra bracteoles. This would be consistent with his view that the 
lodicules in grasses represent two halves of a single bract, and when a third 
lodicule is present, it is merely an extra bracteole. Arber (1934) argues in 
favor of the perianth nature of the lodicules on the basis of ‘‘stamen-lodi- 
eules’’ which she has observed in members of the Bambuseae. Transitions 
between stamens and lodicules frequently oceur in S. spicata especially in 
abortive spikelets in which a flower develops in the axils of one or more of 
the bracts below bract six. This close relationship between stamens and 
lodicules points more definitely towards the perianth view than towards the 
bracteole interpretation. A serious objection to Hackel’s theory has been 
pointed out by Rowlee (1898) and by Blaser (1944). According to the 
usual pattern of distichy the plane of distichy of leaves on a branch is at 
right angles to that of the axil from which it arises. Since Hackel consid- 
ered the palea as a prophyll, that is, the first leaf on a branch in the axil of 
the lemma, the lodicules would be expected to lie in a plane at right angles 
to the palea. Such is not the ease of grasses with one or two lodicules. 

Conclusions. On the basis of the foregoing discussion of the spikelet, 
the deseription of it may be summed up in the following manner: the spike- 


let of Streptochaeta is a branch of the inflorescence consisting of six spirally 
arranged bracts all of which are potentially fertile. The sixth and awned 
bract bears a branch in its axil which may be interpreted in two ways: 
(1) as a complete flower in which the anterior member of the outer perianth 
is present only as a rudiment in the young spikelet, or (2) as a branch con- 
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195 
sisting of two sterile bracts representing reduced lemmas, and a flower which por 
lacks an outer perianth and also lacks a lemma and a prophyll. If the first boc 
interpretation is accepted, the extra bract opposite the awned sixth bract era 
could be either a lemma or a prophyll. The second interpretation of the aln 
structure in the axil of bract six and the interpretation of the extra bract 19: 
as a lemma imply that the spikelet is reduced from a compound branching 
system. It is impossible at this time to determine which of these interpre- oth 
tations is correct. Even further investigation may not reveal the necessary sel 
information because of the nature of the data on which this type of study de] 
is based. It may be added at this point that a reinvestigation of the rules of tie 


phyllotaxy as applied to Angiosperms may be desirable. | 

Phylogenetic Significance. In considering the above discussion one is : no 
confronted with the question of the phylogenetic position of Streptochaeta. niz 
Celakovsky suggested that it is probably very close to the ancestral type of an 


grass, and Goebel (1895) followed by Schuster (1910) considered it a relie to 


genus whose connecting links with the main line of development, which led (e: 
to the modern grasses, are now lost. Ziegenspeck (1938) also placed it off of 
the main line leaving the ‘‘ Urgriser’’ before the Bambuseae in his phylo- he 
genetic scheme. On the other hand, Arber (1929) and Pilger (1939) did ba 


not accept the idea that Streptochaeta represents a type from which the grass Th 
flower may have been derived, and they preferred to interpret the floret in ca 
the same terms used in describing other grasses. Wi 
The theory of the primitive nature of the spikelet was dependent on the ) we 
interpretation of the two palea bracts as two members of the outer perianth. it 
Obviously then, acceptance of the two palea bracts and the rudiment in that to 
cycle as reduced lemmas cannot be reconciled with Celakovsky’s theory. It 
does not, however, eliminate the possibility of derivation from a hexamerous 
type of ancestor, for in contrast to most grass flowers the flower of Strepto- 
chaeta is complete except for the outer perianth. It has a complete inner ) wl 
perianth composed of large bracts rather than small swelling bodies, six ch 
stamens and three stigmas. It can hardly be said, therefore, that the flower Wi 
is an advanced type. On the other hand, if the spikelet is the product of let 
reduction of a compound structure, the spikelet as a whole must be consid- 
ered as specialized. Ww 
On the basis of the morphology of its vegetative and reproductive organs, se 
Streptochaeta is most closely allied to the Bambuseae. Bessey in 1917 T 
pointed out that the reproductive structures among bamboos are very di- A 
verse, while their vegetative characteristics are very uniform. Most of the T 
spikelet features of Streptochaeta can be paralleled in various members of al 
the Bambuseae. Many bamboos have three lodicules and six stamens, a few sk 
have three stigmas and the vascular structure of the ovary is quite charac- fc 


teristic of this tribe (although not confined to it, Belk, 1939). The com- le 
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ch pound spikelet, if such is its true nature, is not out of keeping with the bam- 
st boos, for branching within the spikelet has been described for several gen- 
Let era. In addition, the anatomical structure of the leaf-blade conforms in 
he almost every detail to the pattern characteristic of the Bambuseae (Page, 
uct 1947). 

ng The only real discrepancy, therefore, between Streptochaeta and all 
re- other grasses is the spiral phyllotaxy within the spikelet. This may in it- 
ry . self be considered as a primitive characteristic in that the genus may have 
dy departed from the main line of development before grasses attained a dis- 
of tichous phyllotaxy within the inflorescence. 


se 


Hitchcock (1936) stated that the anomalous genus, Streptochaeta, ‘‘is 
is not closely related to any other and cannot be placed in any of the recog- 
ta. nized tribes’’. Early taxonomists, nevertheless, placed it in one tribe or 
of another according to their interpretation of the spikelet. Some assigned it 
lie to the Paniceae, others placed it in the Festueeae, Oryzeae or Bambuseae 
ed (ef. Avdulov, 1931). Arber in 1929 agreed with Doell’s (1880) treatment 
off ) of the genus as a special subtribe of the Bambuseae but later (1934) changed 
lo- | her mind and followed Hackel (1887) by including it in the Oryzeae. Hub- 
lid bard (1934) created a special subtribe, Streptochaeteae, near the Bambuseae. 


ASS The structure of the flower and spikelet and the anatomy of the leaves indi- 
eate close affinities of this genus with the bamboos. The spiral phyllotaxy 
within the spikelet, however, suggests that relationship is not elose enough to 
warrant placing it in any one of the established subtribes. For this reason 
it is advisable either to follow the classification proposed by Hubbard or 


in 


to treat it as a special subtribe within the Bambuseae. 


— 
7 
® 
——— 


US SUMMARY 
to- 1. Streptochaeta, a genus of the Gramineae, comprises two species both of 
ler which are confined to the tropics of the western hemisphere. They are 


characterized by broad, petiolate, cross-veined leaves, spiral phyllotaxy 
within the inflorescence, and spikelets differing from the typical grass spike- 
let in many respects. 

2. The spikelets are arranged spirally on the rachis, and the eleven bracts 
within the spikelet are also arranged in a spiral. The first five bracts are 
seale-like but are morphologically equivalent to the large, awned sixth bract. 
The next two bracts are in the axil of bract six and are fused at the base. 


ns, 


17 


o 8 
Pr 


di- A rudiment is usually present opposite these two bracts and above bract six. 
the The two fused bracts have been regarded as the palea by some investigators 
of and as two members of the outer perianth by others. The present paper 
ew shows that these two bracts could also be regarded as sterile lemmas. The 
ac- following three bracts are generally regarded as the lodicules and equiva- 


lent to the inner perianth. Within the cycle of lodicules there are six 
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stamens and an ovary bearing three stigmas. Evidence presented shows Mo 
that the spikelet may be interpreted as the end result of reduction from a 


compound branching system. It is probable that distichy has never been _ 
expressed in the inflorescence of Streptochaeta. Pa 
3. Affinities with the Bambuseae are suggested in the structure of the Pil 
leaf-blade and the spikelet. Because of the spiral phyllotaxy within the 
spikelet, Streptochaeta cannot be placed within any of the established sub- i 
tribes of the Bambuseae, but must be placed either in a special subtribe or a Ro 
tribe of its own. 
4. Although the evidence presented throws some doubt on Celakovsky’s Sc! 
interpretation of the spikelet, it does not disprove his idea that the flower of Zie 


Streptochaeta is primitive. 
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CLADOCHYTRIUM SETIGERUM SP. NOV. AND SEPTO- 


CHYTRIUM MARILANDICUM SP. NOV. 
FROM MARYLAND 


JOHN S. KARLING' 


In a survey of the soil-inhabiting fungi of Maryland during 1948 the 
author (1949a) isolated and identified fourteen polycentric chytrids among 
which were two new species, Nowakowskiella crassa and Cladochytrium 
aureum. Additional samples of moist soil were collected in September 1949, 
and analyzed for fungi in the manner described previously by the author. 
In one sample collected by the roadside at Scientist’s Cliffs in Calvert 
County two additional new polycentric chytrids were isolated on onion 
skin, which belong in the family Cladochytriaceae. 

The first of these species is characterized by a very delicate rhizomy- 
celium and inoperculate zoosporangia, and belongs in the genus Clado- 
chytrium. Its sporangia bear numerous simple or branched setae or hair- 
like appendages which distinguish it sharply from the other known species 
of this genus, and for this reason it is diagnosed as a new species and named 
Cladochytrium setigerum. 

The second species, on the other hand, has a very coarse, occasionally 
septate or trabeculate rhizomycelium and predominantly oval, endoperculate 
zoosporangia which usually develop long, straight, curved or contorted, 
simple or branched exit tubes for the discharge of zoospores. The coarseness 
and occasional septation of its rhizomycelium distinguish it as a species of 
Septochytrium. It differs, however, from the known species of this genus 
by the size and structure of its zoospores and the presence of endoperculate 
zoosporangia with long exit tubes. It is accordingly regarded as a new spe- 
cies and named Septochytrium marilandicum. 


Cladochytrium setigerum Karling, sp. nov. Rhizomycelium magnum, 
ramosissimum, gracile, partibus tenuibus 1.76—2.8 » diam., cum rhizoidibus 
plurimis, tenuibus; partibus latioribus intercalaribus raris, nonseptatis, 
plerumque fusiformibus, elongatis, irregularibus, 6—10 » latis, 8-18 » longis. 
Sporangia vulgo interecalaria, hyalina, tenuivallata, sphaerica, 13.2—28.5 p, 
ovalia, 11-27 x 19-44 », interdum elongata et constricta, plurima, 10-50, 
erassa, filiformia, 5.5-30, longis, 1.75-2.4 diam., simplicia aut ramosa, 
non-septata filamenta aut appendices ferentia; zoosporis ex papilla conica 
aut hemisphaerica, 5-6.5 x 7-8.8 » aut ex tubo ad exteriorem 7-9 x 14-20» 


1 The author is very grateful to Dr. R. V. Truitt, Director of the Chesapeake Bio- 
logical Laboratory, Solomons, Maryland for providing accommodations and collecting 
facilities in 1949. 
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emissis. Zoosporae sphaericae, 3-3.44, cum globula refractiva hyalina 
minuta 0.8—1.2 »; flagellum 16-19 » longum. Sporae perdurantes ignotae. 

Saprophyticum in substratum cellulosicum, in humum prope via ad 
Scientist’s Cliffs, Calvert Co., Md. 

Septochytrium marilandicum Karling, sp. nov. Rhizomyeelium pro- 
fusum, ramosissimum, ¢rassum, partibus tenuibus 8-17 » diam., plerumque 
eylindricis, cum rhizoidibus gracilibus, anastomosis, raro septatis aut trabe- 
culatis partibus latioribus intercalaribus per se raris, maximis, late aut 
anguste fusiformibus, ovalibus, aut irregularibus. Sporangia plerumque 
ovalia, 30-60 x 40-80 p, late pyriformia, interdum sphaerica, 25-60 », vulgo 
endoperculata, raro apophysata, cum uno aut duobus ad exteriorem tubis, 
simplicibus aut ramosis, rectis, flexuosis aut tortuosis, 6-18 » latis, 18-1400 p 
longis ; operculum ecrateriforme aut interdum paene hemisphaericum, 6—18 p 
diam. Zoosporae sphaericae, 3.8—4.7 », cum plurimis minutis granulis refrac- 
tivis; flagellum 24-27 » longum. Sporae perdurantes ignotae. 

Saprophyticum in substratum cellulosicum, in humum prope via ad 
Scientist’s Cliffs, Calvert Co., Md. 

CLADOCHYTRIUM SETIGERUM. As was stated in the diagnosis above and 
is shown in figures 1 and 2, the rhizomycelium of C. setigerum is very deli- 
eate, fine and branched with very few intercalary enlargements. Occasion- 
ally, however, it may extend for long distances without branching, but 
it usually forms a dense network of filaments in the water at the edge 
of the substratum. The intercalary enlargements are rare, usually elongate 
and quite irregular in shape, and bear numerous delicate branched rhizoids 
(fig. 2A) and occasional setae like the sporangia. Whether or not these 
enlargements are to be regarded as distinct organs of the rhizomycelium is 
open to question because they appear to be nothing more than incipient 
sporangia which failed to develop. This interpretation is supported by the 
fact that the sporangia originate in the same manner and are indistinguish- 
able from the enlargements in the early stages of development. Fairly often 
the sporangia have somewhat funnel-shaped elongate apophyses (figs. 
1, 3), and in such eases the apophyses may bear setae like the sporangia. 
Occasionally setae may also occur on the tenuous portions of the rhizomyce- 
lium near the sporangia (fig. 3). 

As noted in the diagnosis of this species the sporangia are usually from 
oval to spherical in shape, but sometimes they may be elongate and con- 
stricted as shown in figure 1B. Also, two sporangia may occur adjacent to 
each other with a cross wall intervening (figs. 1A, 2B). Such sporangia 
originate from interealary enlargements which become septate, after which 
the two cells develop into sporangia. At maturity the latter develop an 
exit papilla (fig. 3) or a short tube (fig. 4) for the discharge of the zoospores. 
During dehiscence the tip of the papillae or tube deliquesces (fig. 4), and the 
emerging zoospores form a quiescent globular mass at the exit orifice (fig. 5). 

They gradually separate and swim away in a short time, and those remain- 
ing in the sporangium usually emerge singly and swim directly away. Dehis- 
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cence of the sporangium and discharge of the zoospores are accordingly, 


spore 
typical of other species of Cladochytrium. 


port 
The zoospores (fig. 6) are minute and considerably smaller than those 


of Cladochytrium tenue, C. hyalinum, and C. crassum, species which have 
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Figs. 1-8. Cladochytrium setigerum. Figs. 1, 2. Portions of the rhizomycelium show- 


ing the setigerous sporangia, irregular enlargements, and rhizoids. x 1000. Fue. 3. Por- 
tion of rhizomycelium with lateral setae and on oval sporangium from which setae have 
been omitted. x 1500. Fie, 4. Large sporangium with deliquescing tip of exit tube, setae ; 

’ Pa ARE ge ay . ST 
omitted. x 1200. Fie. 5. Sporangium with initial globular mass of discharge zoospores, 


setae omitted. x 1200. Fic. 6. Zoospores. x 1700. Fias. 7, 8. Germinating zoospores. A 
« 1700. sk 
a hyaline globule in the zoospore. Germination of the zoospores (figs. 7, 8) “ 
and the development of the rhizomycelium are fundamentally similar to ¢ 
those of all members of Cladochytrium and need not be described in detail. b 
Nevertheless, the unique setigerous sporangia described above distinguish 

C. setigerum from other species of the genus. In this characteristic C. seti- ° 
gerum is strikingly similar to Nowakowskiella atkinsi which Sparrow (1950) 
isolated on cellophane from soil in Cuba. Both chytrids have setigerous 
sporangia, but the Maryland species differs primarily by its smaller zoo- t 
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spores, inoperculate sporangia, and the lack of large turbinate organs re- 
ported by Sparrow for N. atkinsi. Nevertheless, these two species illustrate 
again the striking structural and developmental similarities which may occur 
in operculate and inoperculate chytrids. 

SEPTOCHYTRIUM MARILANDICUM. As noted previously the primary char- 
acteristics which distinguish this species from other members of Septochy- 
trium are its endooperculate sporangia with long exit tubes, and zoospores 
with granular content (figs. 1-3). In these respects it resembles Nowakow- 
skiella granulata (Karling 1944a), with the exception of the long exit tubes. 
However, its zoospores are only about two-thirds as large as those of K. 
granulata, and the tenuous portions of its rhizomycelium are much coarser, 
generally about twice the diameter of those of the latter species, and septate 
or trabeculate. The only other known species of Septochytriwm whose zoo- 
spores contain numerous granules instead of a single large refractive globule 
is S. macrosporum (Karling 1942), but its zoospores are approximately three 
times the size of those of K. marilandicum. The latter species is particularly 
distinctive by its endoperculate sporangia, a characteristic which has not 
been found in other species of Septochytrium. 

In the formation of endoperculum the tip of the exit tube slowly de- 
liquesces (figs. 18-20), and while this is taking place the operculum gradu- 
ally develops a short distance below the tip within the tube or canal (figs. 
21, 22). This process is fundamentally similar to that described by the author 
(1944b, 1945, 1947) for other endopereulate chytrids. The fully developed 
operculum may be slightly conical, shallow-saucer- or deeply bowl-shaped 
(fig. 9) or almost hemispherical. When the sporangia dehisce, the operculum 
is pushed out by the emerging zoospores (fig. 28) and may disappear quickly 
from view. The initial emerging mass of zoospores is at first spherical (fig. 
29), but it soon becomes somewhat flattened, and the zoospores usually begin 
to disperse by the time the sporangium is half empty (fig. 30). 

The development stages of the rhizomycelium (figs. 13-15), intercalary 
enlargements, and sporangia are fundamentally similar to that of other 
species of Septochytrium as well as of Cladochytrium and Nowakowskiella. 
As noted in the diagnosis above, the sporangia are predominantly oval in 
shape with their long axes usually at right angles to the tenuous portions 
of the rhizomycelium. They usually oceur very abundantly and may be so 
close together that the connecting segments of the rhizomycelium may often 
be reduced to short isthmuses (figs. 16A—16C). 

Particularly noteworthy are the exit tubes. These may attain a length 
of 1400 », branch once to several times (figs. 16D-16F'), and become curved, 
coiled, and contorted. Sometimes, however, they may be short (figs. 16G— 
16J) or reduced to broad papillae (fig. 16K). Besides these and other dis- 
tinguishing features described above S. marilandicum does not differ funda- 
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Figs. 9-30. Septochytrium marilandicum. Fie. 9. Motile zoospore with numerous 
granules. x 1750. Fie. 10. Elongate, amoeboid zoospores. x 1750. Fies. 11, 12. Zoospores 
at rest, granules have fused to form several refractive globules. x 1750. Fuias. 13-15. Ger- 
minating zoospores and early stages in the development of the rhizomycelium. x 1750. 
Fig. 16. Portion of the mature rhizomycelium showing the abundance of endoperculate 
sporangia, intercalary enlargements, rhizoids, and occasional septa or trabeculae. x 1000. 
Fic. 17. Variations in shapes of opereula. x 1100. Fies. 18-22. Deliquescence of tip of 
exit tube and formation of endopereulum, x 1500. Figs. 23, 24. Anastomosis of tenuous | 
parts of rhizomycelium. x 2000. Fie. 25-27. Variations in shapes of interealary enlarge- 
ments. x 2000. Fias. 28-30. Stages in the emergence and discharge of zoospores. x 1000. 
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mentally from other species of the genus, and it is not necessary to describe 
it further. 


SUMMARY 
1. Cladochytrium setigerum and Septochytrium marilandicum are two 
ly new polycentric chytrids which were isolated from soil at Scientist’s Cliffs, 
YO Calvert County, Maryland, and grown in bits of onion skin. The first of 


these species is characterized by minute zoospores, a very delicate rhizo- 
mycelium and inoperculate zoosporangia which bear numerous simple or 
branched setae or hair-like appendages, which distinguish it from other 
species of Cladochytrium. 

2. Septochytrium marilandicum, on the other hand, has a very coarse, 





occasionally septate or trabeculate, rhizomycelium with large, variously- 
shaped interealary enlargements and small zoospores which contain numer- 
ous granules. Its sporangia are predominantly oval, endopereulate, and usu- 
ally develop long, straight, curved, coiled or contorted, simple or branched 
exit tubes for the discharge of its zoospores. 
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AN ECOLOGICAL STUDY OF THE GENUS CAREX IN 
EASTERN SUBARCTIC CANADA' 


Sister M. Rose BERNADETTE Maporge, S.S.A. 


The present investigation was undertaken to determine the possibility of 
using species of the genus Carex as indicators of certain environmental fac- 
tors such as hydrogen-ion concentration and soil moisture conditions. 

It was assumed that highly variable genera furnish species very sensitive 
to rather minute differences in environment. Since the genus Carez is con- 
sidered as one of the most highly variable in the Canadian eastern subarctic 
and is the special object of research at the Arctic Institute of the Catholic 
University of America, it was chosen to test this assumption. 

Because of the special facilities available to the author in Val David, 
Quebec, this area was selected for investigation. It is approximately 46° 1’ N. 
and 74° 10’ W. in the subarctic belt. Among botanists there is no universal 
agreement as to the exact meaning of the term subarctic. The southern limit 
of permanently frozen subsoil, determined by Connor (1949) to be aiong the 
annual isotherm of 22° or 23° F., here serves as the northern limit. The 
southern boundary is approximately that set by geologists (Hanson 1947) 
for the Canadian Shield. 

Materials and methods. The field observations and the collection of plant, 
soil, and rock specimens necessary for this study were made in the Val David 
area during the summer of 1949. The pH determinations were made with a 
Beckman meter, Model M, Number 5000, with glass electrode. Since this work 
was intended to be an ecological study of carices, as many Carex specimens as 
possible were collected as well as specimens of other plant species growing in 
association with the carices. Whenever a plant was uprooted, the soil clinging 
to the roots was shaken off and its pH determined. Many soil samples were 
also taken where no Carex grew, since it was desired to estimate the pH range 
of the entire area under investigation. In those cases, the soil was collected 
at a depth about equal to that of the roots of the herbaceous plant cover. In 
addition, an attempt was made to collect carices and soil samples in as many 
varying habitats as could be found in the region. 

1 This paper is the result of research done in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy at the Catholic University of America, Wash- 
ington, D. C. 

The author wishes to thank Dr. H. T. O’Neill under whose direction this investigation 
was pursued and who checked the determinations of the Carex specimens. Thanks are 


also due to Dr. A. Barwick who identified the specimens of rock and to Dr. H. C. Hanson 
for his assistance in the analysis of the soils. 
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1951 
All soil samples tested were fresh and in no case were allowed to dry be- 
fore testing. The pH of the freshly distilled water used to prepare the soil 
suspensions was 6.8. In preparing the suspensions a 1: 5 soil-water ratio was 
maintained. 
The mechanical analysis of 21 soil samples was made by shaking 100 
grams of each sample through a set of sieves of 20, 40, 60, 80, and 100 mesh. 
The amount of soil left in each sieve after shaking with a mechanical shaker 
for 5 minutes was weighed and recorded as a percentage of the entire weight. 
y of The texture and organic matter content of these soils were also determined 
fac- by the ‘‘feel’’ of the moist soil between the fingers. Thus, it was possible to 
obtain qualitative values for the fractions of fine sand, silt, and clay present 
tive in the samples. It was not possible to obtain quantitative values for these 
On- fractions since the finest sieve openings were too large to retain any of them. 
etic The color was determined by comparing a wet portion of soil with the 
olic Standard Color Chart used by the U.S.D.A. Bureau of Soils. The soil was 
also treated with 20% HCl to test for the presence of calcium salts. The 
rid, results were negative since in none of the tests did effervescence occur. 

N. Description of area studied. A. Physiography. Val David is situated 
‘sal in the heart of the Laurentide Mountains. As its French name ‘‘Val’’ im- 
re, plies, it is a narrow valley 1054 feet above sea level formed by low rounded 

1e 


mountains. Some of the noted summits in the region are Mount Césaire, 1500 
rhe feet ; Hill Saint-Aubin, 1400 feet ; and Attos Hill, 1700 feet. Patches of bare 


7) rock and stony ledges are exposed in many places on the mountain sides as 
well as in the valley. Golden Lake is typically glacial. La Sapiniére is an 
2. artificial lake formed by the enlargement of Sisters’ Creek which arises in 
vid Mount Doneaster and meanders through the valley to meet North River at 
ha the entrance to the village. Marshes and boggy surfaces mark every slight 
rk depression of land and are true indicators of a territory recently freed from 
doe its glacial sheet. 
- B. Geology and soils. Within the Canadian Shield, Val David is an area 
ng of a relatively simple geological structure. It is essentially a gabbro intrusion 
oes | of the Morin Series from which glaciation has carved a large number of rela- 
gre 


tively low rounded mountain domes with deep valleys partially or entirely 
ed filled with glacial drift (Osborne 1936). No consolidated stratified rock ex- 


In ists anywhere in this area. Except for the glacial drift, it is all of Pre-Cam- 
ny brian crystalline rock (Adams 1896). 

Every rock specimen collected in Val David was found to be a gabbro 
nts i consisting almost entirely of anorthite (CaAl,Si,Os), so that this rock may 
- | be referred to as an anorthosite, gabbro, or labradorite rock. The ferrous 
on minerals such as biotite, hypersthene, and the pyroxenes are present in ex- 


— tremely small amounts. 


on : ; ° 
The anorthite, which weathers more slowly than the ferrous minerals. 
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shows no extensive weathering but does show disintegration as the result 
of ice action. When the high rainfall (approximately 38 inches) is considered 
in conjunction with the rapid accumulation of humus in this cool moist 
climate, it can be readily understood why the topsoil is deficient in caleium 


and contains no calcium carbonate, although the anorthosite parent material 
contains some 10-14% calcium. It is undoubtedly carried to lower horizons. 
This can be inferred from the pH values of a typical soil profile of Val 
David. The lowest horizon is least acid. 

The mechanical analysis of 21 soil specimens collected in the Val David 
area shows them to be of the podzol type. The texture which is predomi- 
nantly ‘‘sandy loam’’ is coarse and, therefore, the soil has little capacity 
for the storage of nutrients. The high percentages of gravel and sand indi- 
cate the absence of any large amounts of silt and clay. The organic matter 
content of the soils is, on the average, moderate to high. These characteristics 
and the cool-temperature climate, the coniferous native vegetation, the more 
or less free drainage, and the low productivity of the soil are indicators 
of podzol soils. 

C. Climate. There is no meteorological station in Val David. Climatic 
reports for Huberdeau (3), a village approximately 24 miles west of Val 
David and situated at a similar altitude in the Laurentian range, indicate 
that the average rainfall per year for the area is about 38 inches and the 
snowfall 93 inches. Monthly average temperatures over 78° F. have been 
unknown over the 26-year period of observation. These figures are repre- 
sentative of the climatological conditions existing in Val David. 

Relation between soil reaction and distribution of Carex in Val David. 
During this investigation, 278 pH measurements were made on the soils of 
Val David (Table 1). In order to determine whether the distribution of 
Carex in this area is influenced by soil reaction, some of the pH data were 
analyzed by the chi-square method (Arkin 1934, Fisher 194la, Fisher 
1941b). This statistical test was already used by Emmett and Ashby (1934) 
and Stone (1944) in ecological studies. In this investigation, the problem 
was stated as a null hypothesis. As applied here, the null hypothesis would 
require that each Carex species occur with the same percentage frequency 
at every pH value within its range of occurrence in the area. 

The results of the analyses of the frequency distribution of eight Carex 
species are shown in table 2. They indicate that factors other than soil 
reaction alone are related to the distribution of C. stipata and C. intumescens 
in Val David. 

On the other hand, the analysis of C. angustior, C. arctata, C. brun- 
nescens, C. crawfordii, C. gynandra, and C. vulpinoidea disproves the null 
hypothesis and shows that these species are not independent of the pH value 
of the soil within their pH range for Val David. It will be noted that C. craw- 
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the soil. However, this correlation does not necessarily mean that the pH 
of the soil directly influences the distribution of these species. 

The remainder of the 26 Carex species collected in Val David were not 
treated individually, the observed frequencies being so low that the data 


were not considered sufficient to warrant separate analysis. 
Kellogg (1947) has devised a system of pH classes ranging from ex- 
tremely acid (below pH 4.5) to extremely alkaline (pH 9.1 and above). 


TABLE 2. Relation of distribution of certain Carex species to pH value of soil 


pH Class 





Carex species R: x? N P 
ange 

C. angustior 5.7-6.9 4.2889 ] Between .05 and .02 
C. arctata 4.7-6.2 9.122 2 Circa .01 
C. brunnescens 4.8—5.7 9.866 2 Less than .01 
C. erawfordii 4.7-7.5 16.174 4 Less than .01 
C. gynandra 5.8-7.5 26.250 5 Less than .001 
C. intumescens 4.8-5.8 6.593 2 Circa .07 
C. stipata 5.2—6.1 6.951 5 Circa .24 
C. vulpinoidea 6.0-—7.2 16.27 l Less than .001 


Table 3 is a grouping of the Val David carices irrespective of species ac- 
cording to Kellogg’s system. Their average pH requirements apparently lie 
between pH 5.1 and 6.0. This is also seen from a study of the pH averages 
of the individual species in table 1. Only four of them have a pH average 
above 6.0. 

It is interesting to note that of the 120 pH determinations included in 
elasses 5.1-5.5 and 5.6-6.0 a very large percentage were made from soils 


TABLE 3. Distribution of Val David carices in six pH classes and corresponding 
variations in habitat 


pH Classes according Readings in Habitats corresponding to each 


to Kellogg (9 each pH elass class of pH 
Very strongly acid, 4.5—5.0 14 Lumbered over area. 
Strongly acid, 5.1-5.5 56 Marshes, boglands and edge of coniferous 
Medium acid, 5.6-6.0 64 woods. 
Slightly acid, 6.1-6.5 38 Stream banks, ditches in vicinity of gabbro 
Neutral, 6.6-7.3 28 rock and burnt over areas. 
Mildly alkaline, 7.4-8.0 8 


about the roots of carices collected in marshes and boggy grasslands. Fur- 
thermore, in Val David, the only habitats which support a very abundant 
Carex vegetation are marshes and wet grasslands within the pH range 5.1- 
6.0. The remaining very small percentage of readings within this medium 
range were from species uprooted not far from the edge of shady coniferous 
woods. The 78 values from pH 6.1 to 7.5 were obtained mostly from soils on 
the roots of species collected in locally burnt areas, in ditches near large 
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gabbroic boulders, or along swiftly flowing streams. The reasons for dimin- 
ished soil acidity in such localities are as follows. It is generally accepted that 
fires result in a reduction of soil acidity because of ashing of part of the 
organic matter and possibly because of decomposition of soil minerals (Lutz 
and Chandler 1946). The accumulation of bases in ditches near large gabbro 
boulders is due to improper drainage. Streams flowing over gabbroic and 
anorthositic outcrops, very abundant in the mountains of the investigated 
area, become alkaline from the dissolved basic materials. 

The few very strongly acid soils with values from pH 4.7 to 5.0 were 
from the roots of carices found in a lumbered over portion of coniferous 
woods. Deforestation permits an inerease in soil temperature, a greater 
evaporation rate, and better drainage. These factors contribute to increased 
humus formation. Higher acidity is the result. 

Further, in the statistical analysis previously explained, those species 
whose range of tolerance most exceeds the medium pH requirements of the 
genus as a whole are those which most significantiy disprove the null hy- 
pothesis. In Val David, whenever they occur outside the average pH range 
of the genus as a whole, it is usually in habitats different from wet grasslands 
and marshes. This implies that these species tolerate soil acidity less than the 
average only when removed from the usual wet grassland habitat. 

Although the author recognizes that the plants themselves may, to some 
extent, modify the pH of the soil in which they grow, the author believes 
that the readings made in this study indicate fairly closely the pH require- 
ments of the carices investigated. 


SUMMARY 


1. All rock specimens from Val David were found to be a gabbro con- 
sisting almost entirely of anorthite, essentially CaAl,Si.Os. 

2. Although the anorthosite parent material contains some 10-14% cal- 
cium, the topsoil is deficient in calcium and contains no calcium carbonate. 
It is soon carried to lower horizons of the predominantly ‘‘sandy loam’’ soil 
by heavy rainfall. 

3. Twenty-six different species of Carex were identified in this area. 

4. All the pH measurements were made with a Beckman apparatus. 

5. The average pH requirements of the genus Carex in Val David ap- 
parently lie between pH 5.1 and 6.0. Only 4 species grow in soils which have 
an average reaction above 6.0. The only habitats in this area which support 
avery abundant Carex vegetation are marshes or wet grasslands within the 
pH range 5.1-6.0. 

6. A statistical analysis with the chi-square method showed that those 
Species whose pH range of tolerance most exceeds the medium pH require- 
ments of the genus as a whole are more significantly dependent on the pH 
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value of the soil in their distribution. Whenever they occur outside of the 
limits of the average pH requirements, they indicate habitats different from 


wet grasslands and marshes. 
ANNA Maria COLLEGE 
MARLBOROUGH, MASSACHUSETTS 
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POLIOMA ARTH., A VALID GENUS OF THE UREDINALES' 
JOHN W. BAXTER AND GEORGE B. CUMMINS 


Polioma is reinstated herein as a valid genus of the Pucciniaceae to 
accommodate four rusts of the Labiatae and Geraniaceae whose teliospores 
are sessile. Except as newly described, the species are segregates from the 
genus Puccinia. 

In 1940 when Cummins (Bull. Torrey Club 67: 607) described Puccinia 
unilateralis it was pointed out that the teliospores lacked pedicels and that 
they usually developed in groups of two or three from sporogenous basal 
cells. The rust parasitizes species of Geranium and is macrocyclic as to life 
eyele. No other rust of similar morphology was then known. However, dur- 
ing recent studies of the rusts of the Labiatae three additional species, all 
apparently microcyclic, have been found to occur on Salvia. These are 
Puccinia nivea Holw., P. griseola Lagerh., and an undescribed species found 
on a specimen of Salvia compacta Ktze. in the U. S. National Herbarium. 
The teliospores of these species are similar in appearance to those of P. uni- 
lateralis and are produced in the same manner. 

Polioma differs from Puccinia in having sessile teliospores. The fact 
that two or more teliospores are produced by a single basal cell (fig. 1-4) is 
probably not significant, since some species of Puccinia have a comparable 
method of spore production (Kuhnholtz-Lordat, Bull. Soe. Mycol. Fr. 59: 
78-155. 1943). Polioma and Puccinia both have subepidermal spermagonia 
and are comparable to Chrysocelis and Maravalia, respectively, of the genera 
which have one-celled teliospores, Chrysocelis having sessile and Maravalia 
pedicellate teliospores. The species of Polioma now known have teliospores 
which germinate without a period of dormancy and which have colorless 
walls, more or less thickened apically. 

When Arthur (1907 Jour. Mycol. 13: 29) described Polioma it was 
established primarily on the basis of life cycle, the rusts then known being 
microcyclic species having teliospores which germinate at once and have 
colorless walls. The teliospores were described as pedicellate. Arthur trans- 
ferred Pucciina nivea and P. griseola, and described Polioma delicatula 
as a new species. P. delicatula was later transferred to Puccinia, where it 


1 Cooperative investigations between the Purdue University Agricultural Experiment 
Station and the Division of Mycology and Disease Survey, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, United States Department of Agriculture. Journal 
Paper Number 462, of the Purdue University Agricultural Experiment Station, Contribu- 
tion from the Department of Botany and Plant Pathology. 
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rightfully belongs. Puccinia nivea was chosen as the type and, inasmuch § seg 
ee aE ne : aa @ ap 
as this species has sessile teliospores, the genus Polioma is valid, in our 


opinion. Consequently, Polioma is here emended and reinstated. 


21, 
Polioma J. C. Arthur in Jour. Mycol. 13: 29. 1907. 

Spermagonia subepidermal, globoid, and paraphysate, or lacking. Aecia aoe 
subepidermal in origin, caeomoid with catenulate spores, or lacking. Uredia on 
subepidermal in origin with pedicellate spores, or lacking. Telia subepider- dis 
mal in origin but becoming erumpent, compact; teliospores two-celled, each of 
cell provided with one germ pore, sessile, and attached to sporogenous basal ar 
cells, usually in groups of two or more. in 

me 
Ay 
sp 
ce! 
1 it) 
(I 
SI 
hy 
pe 
el; 
Ww 
m 
th 
ne 





Fig. 1. Teliospores of Polioma nivea. Fic. 2. Teliospores of Polioma griseola. Fid. 
3. Teliospores of Polioma robusta. Fia. 4. Teliospores of Polioma unilateralis. All draw- 
ings made from type specimens. x 750. 


Type species: Puccimia nivea Holw., on Salvia purpurea Cav. 


PouioMa Nivea (Holw.) Arth., in Jour. Mycol. 13: 29. 1907. (fig. 1). 
(Puccinia nivea Holw., Jour. Myeol. 11: 158. 1905; Micropuccinia nivea 
Arth. & Jacks., N. Am. Flora 7: 562. 1922). Spermagonia epiphyllous, in 
groups, subepidermal, globoid, cinnamon-brown or yellowish, 115—160 » in 
diameter. Aecia and uredia lacking. Telia amphigenous, round, compact, 
pulvinate, 0.1-0.5 mm. in diameter, frequently confluent in groups 1-2 mm. 
across, yellowish or grayish; teliospores (fig. 1) sessile, arising from elon- 
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gate basal cells, borne singly or in groups of 2 or 3, usually in pairs, clavate | ¢} 
or clavate-cylindric, (12—) 21-23 (41—) 48-60 (-80) », rounded at the 


apex, narrowed below, constricted at the septum, germinating without 4 
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resting period; wall hyaline, smooth, 2-3, thick, frequently thickened 
apically to 5; pore of upper cell apical, of lower next to the septum. 

SPECIMENS EXAMINED: On Salvia purpurea Cav.: MExico: Oaxaca, Oct. 
21, 1899, Holway 3696 (type); Oaxaca, Nov. 11, 1903, Holway 5378. 

Although usually borne in groups the teliospores of Polioma nivea are 
sometimes borne singly, so that the subtending basal cells appear to be 
discrete pedicels, each bearing a single teliospore. However, an examination 
of a number of cells of this type reveals that a bud-like projection often 
arises from a point just below the base of the teliospore. The occurrence, 
in spore pairs or groups, of young teliospores in various stages of develop- 
ment indicates that these bud-like processes are probably teliospore initials. 
Apparent'y the pedicel-like cells bearing single teliospores are potentially 
sporogenous and capable of producing more than one spore. The sporogenous 
cells in this species, as well as in Polioma robusta, show considerable variabil- 
ity in their manner of branching and spore production. 

POLIOMA GRISEOLA (Lagerh.) Arth., in Jour. Mycol. 13: 29. 1907. (fig. 2). 
(Puccinia griseola Lagerh., in Sydow & Sydow, Monog. Ured. 1: 296. 1904). 
Spermagonia unknown. Aecia and uredia unknown, probably lacking. Telia 
hypophyllous, round, compact, pulvinate, 0.3-1.5 (-2) mm. in diameter, 
pale brown or yellowish; teliospores (fig. 2) sessile on a cellular hymenium, 
clavate or cylindric, 13-17 x (40—) 45-57 (—65) »; rounded above, some- 
what narrowed and obtuse below, slightly constricted at the septum, ger- 
minating without a resting period; wall hyaline, smooth, 1—1.5 » thick at 
the sides, thickened to 4—8 » at the apex; pore of upper cell apical, of lower 
next to the septum. 

SPECIMENS EXAMINED: On Salvia sp.: Ecuapor: San Jorge, Aug., 1892, 
Lagerheim (type). 

The Sydows (l.c.) in their illustration of Polioma griseola, showed what 
appeared to be remnants of pedicels attached to the teliospores. In an ordi- 
nary mount, occasional loose spores of this species do appear to be provided 
with extremely short pedicels. When crushed mounts of the telia are ex- 
amined, however, it is apparent that the teliospores are sessile on a layer of 
sporogenous cells, and in many cases two teliospores (fig. 2) have been ob- 
served to be attached to a single basal cell. 

The species is known only from the type locality. 

Polioma robusta Baxter & Cummins, sp. nov. (fig. 3). Spermagoniis 
adhue ignotis. Aeciis et urediis ignotis, verisimiliter nullis. Teliis hypo- 
phyllis, rotundatis, densis, pulvinatis, 0.3-1 (—1.5) mm. diam., sparsis vel 
aggregatis, pallide flavis vel cinereis; teliosporis (fig. 3) sessilibus, 1 vel 
pluribus e cellulis basalibus oriundae, eclavatis, 23-33 (50-) 65-90 
(-115) », ad apicem rotundatis, ad basim attenuatis, medio leniter vel mod- 
erate constrictis, statim germinantibus ; membranis hyalinis, levibus, 1.5-2 » 
cr., ad septum 3-6 p» et ad apicem 8-19 » incrassatis; poro superiore apicali, 
inferiore juxta septum sito. 
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In foliis Salviae compactae, Sierra Madre del Sul, Dist. Minas, Mexico, 
Jan. 3, 1938, Ynes Meria 9071 (specimen typicum). 


Spermagonia unknown. Aecia and uredia unknown, probably lacking. 
Telia hypophyllous, round, compact, pulvinate, 0.3-1.5 mm. in diameter, 
scattered or clustered in groups 1-2 mm. across, grayish yellow ; teliospores 
(fig. 3) sessile on elongate basal cells, usually in pairs, occasionally borne 
singly or in groups of 3-6, clavate, 23-33 x (50—) 65-90 (—115) », rounded 
at the apex, narrowed below, constricted at the septum, germinating with- 
out a resting period; wall hyaline, smooth, 1.5—2 » thick in lower cell, fre- 
quently becoming 3—6 » thick near the septum, 1.5-3 » thick in upper cell, 
thickened to 8-19 » at the apex; pore of upper cell apical, of lower next to 
the septum. 

































SPECIMENS EXAMINED: On Salvia compacta Ktze.: Mexico: Sierra Madre 
del Sul, Dist. Mina, Jan. 3, 1938, Mexia 9071 (type) ; Yesceros-Cruz Pacifica, 
Dist. Mina, Nov. 26, 1939, Hinton 14892. 

Polioma robusta has the largest teliospores of the four species included 
in the genus. It resembles P. unilateralis in having teliospores with pro- 
nounced apical thickening. 

Frequently the upper cell of the teliospore in P. robusta is considerably 
larger than the lower and is more or less globoid. 

Polioma unilateralis (Cummins) Baxter and Cummins, comb. nov. (fig. 
+). (Uredo unilateralis Arth., Bull. Torrey Club 45: 155. 1918; Puccinia 
unilateralis Cummins, Bull. Torrey Club 67: 67. 1940). 


Spermagonia epiphyllous, in groups of 2 or 3, subepidermal, globoid, 
130-200 » in diameter. Aecia hypophyllous opposite the spermagonia, 
grouped on spots up to 3 mm. across, subepidermal, caeomoid, blister-like, 
orange, usually elongate, peridium lacking; aeciospores catenulate, oblong, 
broadly ellipsoid or globoid, 20—28 x 26-35 »; wall 2 » thick, hyaline, closely 
and rather coarsely verrucose with square or irregular, flat tubercles. Uredia 
hypophyllous, scattered or in groups, 0.2—0.8 mm. in diameter, pulverulent, 
dark cinnamon-brown ; urediospores asymmetrical, obovoid or broadly ellip- 
soid with the pore in surface view, reniform with the pore in optical section, 
20-27 x 24-37 »; wall cinnamon-brown, 1.5—2 » thick, up to 3 » thick at the 
hilum, echinulate except around the single pore located somewhat below 
the equator in the concave surface. Telia hypophyllous, round, pulvinate, 
yellowish, waxy in appearance but becoming cinereous from germination; 
teliospores (fig. 4) sessile on a cellular hymenium, clavate or clavate-oblong, 
18—27 x 45-70 », rounded above, narrowed below, constricted at the septum, 
germinating without a resting period; wall hyaline, smooth, 1-1.5 (2.5) » 
at the sides, 6-17 » thick at the apex, thickened to 3-7 » just below the sep- 
tum ; pore of upper cell apical, of lower next to the septum. 


SPECIMENS EXAMINED: On Geranium chilloense Willd.: Ecuapor: Quito, 
Aug. 15, 1920, Holway 895. On G. hirtum Willd.: Cotomsta: Above Bogota 
Cundinamarea, June 25, 1929, Chardon 596. On G. sodiroanum Kunth: 
Ecuapor: Quito, Aug. 15, 1920, Holway 902. On G. mexicanum H.B.K.: 
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Mexico: Amecameca, Oct. 6, 1900, Holway 1103 (type) (Barth. N. Am. 
Ured 2481, as Uredo unilateralis Arth.). On Geranium sp.: Mexico: Real del 
Monte, Hidalgo, Nov. 3, 1930, Reddick 225; Mt. San Felipe, Oaxaca, Dee. 5, 
1938, Faull. 

This species differs sharply from the other members of the genus in 
being macrocyclic. The teliospores are much like those of P. robusta, but 
are considerably smaller. In Chardon’s specimen from South America the 
teliospores are narrower and have a thinner apical wall (2-4) than those 
of the type. No appreciable differences are evident in the aecia and uredia 
in this collection. 

A photograph of the teliospores has been published by Cummins (l.c.). 

Excluded species. Polioma delicatula Arth. Jour. Mycol. 13: 29. 1907. 
This species has pedicellate teliospores and belongs in the genus Puceinia, 
where it was transferred by Saccardo and Trotter (Saccardo, Syll. Fung. 
21: 657. 1912). 


Tne ARTHUR HERBARIUM, PURDUE UNIVERSITY, 
AGRICULTURAL EXPERIMENT STATION, 
LAFAYETTE, INDIANA 
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A SYNTHETIC MEDIUM FOR CHLOROMYCETIN 
DAVID GOTTLIEB AND LILA DIAMOND 


The antibiotic, chloromycetin, can be made by both the actinomycete, 
Streptomyces venezuelae and the organic chemist, but while the techniques 
of the chemist are well known, the processes involved in the biosynthesis of 
this material have not been elucidated (Ehrlich 1947; Gottlieb et al. 1948: 
Controulis et al. 1949; Long & Troutman 1949 a & b; Rebstock et al. 1949). 
A synthetic medium would greatly facilitate the study of this phenomenon. 
However, up to the present only media consisting of complex, natural or- 
ganic materials have proved satisfactory for the production of the anti- 
biotic. Our recent studies on the relationship between nutrition and chloro- 
mycetin production has led to the formulation of an entirely synthetic 
medium, which in turn has greatly helped our investigations of the bio- 
synthesis of that compound. The yields of the antibiotic in the synthetic 
medium are as great as those obtained with complex organic substrates and 
have even been as high as 120 ug per ml. 

The first studies were conducted on a medium consisting of glycerine, 
tryptone, sodium chloride and B. Y. distillers solids. Glycerine gave the best 
yield of chloromycetin, followed by maltose, and lactese, while cerelose and 
sucrose did not allow its production in detectable amounts. Tryptone was 
a better nitrogen source than peptone, but nitrogen supplied as (NH,).SO, 
or KNO, was not effective. The addendate B. Y. was essential under these 
conditions, for in its absence no chloromycetin was synthesized. A number 
of amino acids were also substituted for tryptone but of these only serine 
and alanine promoted antibiotic production (table 1). Phenylalanine and 
tyrosine were not only ineffective in supporting production, but when used 
in combination with serine even inhibited the synthesis of chloromycetin. 
This effect was not due merely to an increase in nitrogen concentration for 
when glycine was used at the same concentration in combination with serine 
no deleterious effect occurred. The inhibiting properties of phenylalanine 
in this media could be due to a factor of concentration since when used at 
1.30 gm. per liter as the sole nitrogen source, some chloromycetin was pro- 
duced. Serine replaced not only tryptone as a nitrogen source but also some 
of the stimulating properties of B. Y., but with alanine, however, only the 
effect of the tryptone was substituted and the addition of B. Y. greatly 
increased the yield of the antibiotic. 

The successful utilization of serine and alanine as a nitrogen source for 
chloromycetin synthesis, made possible rather rapid progress in the search 
56 
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for a synthetic medium. A tentative synthetic medium was formulated con- 
sisting of the C. P. salts of mono and dibasic potassium phosphate, mag- 
nesium sulfate, sodium chloride, dl-serine and glycerol. The concentrations 
of mono and dipotassium phosphate were varied in this medium as shown 
in table 2. Greatest yields of chloromycetin appeared at a concentration of 
2.38 ems. and 1.39 gms. with the di- and monopotassium phosphate respec- 
tively. Good yields were also obtained with 3.00 gms. of the basic salt alone 
hut the yield dropped sharply at 5 gms. per liter. When only the monobasic 
salt was used, the solution became too acid for the growth of the actinomy- 
cete. The growth of S. venezuclae did not vary appreciably between an 
initial pH (as determined by phosphate concentrations) of 6.47 and 7.43. 
Magnesium sulfate concentration was varied between 0 and 5.0 gm. liter. 
The optimum concentration was at 1.0 to 3.0 gm. per liter, though some pro- 


TABLE 1. Variation nitrogen sources in tryptone glycerol media 





: Cone. Chloromyeetin : Cone. Chloromyeetin 
Compounds : : Compounds : e 
gm/liter ug/ml gm/liter ug/ml 
Tryptone 5.00 60 Serine 2.50 55 
Glycine 1.25 
Serine 5.00 Serine 2.50 
(NH,).SO, 2.50 55 Phenylalanine 2.50 0 
Glycine 2.50 0 Serine 2.50 
Tyrosine 1,25 tr 
Alanine 5.00 92 Alanine 2.50 
Glycine 1.25 tr 
Phenylalanine 2.50 0 (NH,).SO, 2.50 0 
Tyrosine 2.50 0 ee 5.00 0 
Phenylalanine 2.50 
Glycine 1.25 tr 


duction occurred even without the addition of this salt, due most probably 
to the presence of small amounts of the magnesium and sulfate ions in the 
other constituents of the solution. With sodium chloride the optimum yield 
occurred at concentrations of 2.0 to 5.0 gms. per liter (table 3). 

The salts of seven organic acids were tested for their effect on the bio- 
synthesis of chloromycetin; fumaric, succinic, tartaric, malic, citric, acetic 
and lactic acids were used at 1, 5, and 10 gms. per liter. Growth was in- 
hibited markedly only with fumarie acid at 10 gms. per liter and slightly 
at ali three concentrations of acetic acid, while the formation of the anti- 
biotic was inhibited even at the lowest concentration by all but lactic acid. 
As with other antibiotics lactic acid stimulated the production of chloromy- 
cetin. Sodium lactate was then tested at five concentrations from 0-17.5 
gms. per liter, with best production (120 ug/liter) at concentrations of 11.0 
and 17.5 gms. per liter (table 4). 
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Twenty-two amino acids and related compounds, and three inorganic 
salts were studied as nitrogen sources in the biosynthesis of chloromycetin. 
Again, maximum amounts of chloromycetin were produced only in the pres- 
ence of dl serine and dl alanine while ornithine and dl leucine supported the 
synthesis of small quantities of the antibiotic. The inorganic salts, potas- 
sium nitrate, amonium sulfate or ammonium nitrate were readily utilized 
for growth, but could not replace serine or alanine in the synthesis of the 
antibiotic. Moreover, when these salts were added to a medium containing 
the usual amounts of serine or alanine they inhibited this process. 

While no production occurred in the tryptone containing medium with 


TABLE 2. Phosphate levels and synthesis of chloromycetin 


K.HPO, - 3H.0 KH.PO, pH Chloromycetin 
ug/ml 

5.00 gm/liter 7.43 60 
3.00 <6 _ 7.30 90 
5.65 aie 2.38 6.75 90 
425 *¢ 1.78 6.68 95 
2.38 e 1.39 6.60 100 
1.40 es 0.60 6.50 95 
O70 = 0.30 6.47 80 
- 5.0 5.35 0 
3.0 5.45 0 


TABLE 3. Concentrations of magnesium sulfate and sodium chloride 





Concentration Salt Chloromycetin Salt Chloromycetin 
gm/liter ug/ml ug/ml 
5.0 MgSO, : 7H.O 60 Nal 100 
3.0 120 100 
2.0 120 95 
1.0 120 60 
0.5 95 60 
0.0 60 60 


dextrose as a source of carbon this sugar was very effective in the chemically 
defined media (table 5). With serine as the nitrogen source and dextrose as 
the carbohydrate the yield of chloromycetin was almost as great as when 
glycerine was used, and if B. Y. solubles was also included in the medium 
the yield was highest with dextrose. When alanine was the sole nitrogenous 
material, the sugar almost doubled the production of chloromycetin. Com- 
binations of the micro elements, as the sulfates of zine, iron, copper and 
manganese were also tested but the amount of the antibiotic in the brew 
was not changed by their presence due perhaps to a ‘‘earry over’’ in the 
inoculum, or trace contaminants in the other components of the medium. 
Similarly a combination of some neutralities were used, consisting of choline 
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‘ganic chloride, biotin, calcium pantethenate, riboflavin, nicotinie acid, thiamin, 
cetin. p-amino benzoic acid, pimelic acid, uracil, and adenine. The results with 
pres- this solution varied greatly in different experiments, from a marked stimu- 
-d the lation to no effect; and further studies will be made with these materials. 





potas- 
ilized TABLE 4. Stimulation by sodium lactate 
»f the - - — — . - tree a — — = —— 
ining Sodium lactate Chloromyeetin ug/ml 
17.5 gm/liter 120 
.: 11e 117 
with 55 OS 100 
2.5 = 70 
0.0 «¢ 70 
tin , : 
TABLE 5. Carbon sources in synthetic media 
* C -eeti 
Carbon Nitrogen Addendate bloromyecetin 
ug/ml 
Glycerine Serine _- 102 
Dextrose ‘6 — 87 
Glycerine Serine BE, 105 
Dextrose " " 114 
Glycerine Alanine — 62 
Dextrose 6 an 101 
Glycerine Alanine B. Y. 114 
Dextrose ab "7 114 
Our tentative working medium is now composed entirely of pure chemicals 
in . > » ° 
and consists of the following components : 
Glycerin — 10.00 gms. 
dl serine — 5.00 gms. 
sodium lactate — 11.00 gms. 
K,HPO, - 3H,0 — 2.39 gms. 
KH.PO, — 1.39 gms. 
cally } M.SO,:7H.O — 1.00 gms. 
se as | NaCl — 3.00 gms. 
vhen 
ium lhe relation of serine, alanine and lactic acid to the structure of chloro- 
j . ° ° . ° ° 
nail mycetin is readily apparent, all are three carbon straight chain molecules 
‘ee which might be converted into the serinol portion of the moleeule by Strep- 
and tomyces venezuelae. Obviously not all the serine or alanine is used for 
nrew this purpose, some is utilized as a source of carbon for general cell material 
] 
. the and metabolism, just as its nitrogen is used in the formation of cell protein. 
ium. | Most probably serine is not even incorporated directly into the chloromy- 


line i cetin molecule, for the addition of serine after forty-eight hours to a medium 
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in which nitrogen had been supplied as glycerine, and which had formed 
copius mycelium, did not result in the synthesis of the antibiotic. 


DEPARTMENT OF HORTICULTURE, UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 
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LIFE-FORM SPECTRA OF NEW JERSEY PINE BARRENS 
FOREST AND MINNESOTA JACK PINE FOREST’ 


WituiAmM L. STERN AND Murray F.. BuELL 


Raunkier (1934) has shown that the life-form spectrum of the plants in 
an area is indicative of the prevailing climate. Life-form spectra have usually 
been based upon the flora (species list) of an area as a whole. The study re- 
ported here is limited to a comparison of the life-form spectra of two ap- 
parently comparable pine communities in two different climatic regions. Not 
only are the species lists of the communities used as a basis, but an attempt 
is also made to base the spectra on quantitative vegetational data. 

The two communities chosen are the pitch pine-shortleaf pine (Pinus 
rigida-P. echinata) of the pine barrens area of New Jersey’s coastal plain, 
and the jack pine (P. banksiana) of northern Minnesota. Both communities 
are restricted to coarse, sandy soils of low pH. Shrubs of the Ericaceae are 
conspicuous members of both communities, a few species being common to 
both. Fire has been a common factor in the recent history of a large part 
of the area occupied by them (Hansen 1937, Sterrett 1920, Little 1946). 
If fire were prevented, communities of quite different composition would be 
established. 

Representing the jack pine community, a stand bordering the La Salle 
Springs Trail of Itasea State Park in northwestern Minnesota was chosen. 
The New Jersey community was located along the North Branch Road of the 
Lebanon State Forest in Burlington County. 

Methods. The area chosen for the sampling in the Lake Itasca region 
consisted of 1000 square meters laid out as ten, ten by ten meter quadrats. 
Herb cover was determined by observation on one-half by two meter quad- 
rats, one in each corner of the ten by ten meter quadrats, giving a total 
sampling area for herbs of forty square meters. Shrub cover was determined 
by the line intercept method (Bauer 1943). It was based upon ten, ten meter 
transects bordering the ten by ten meter quadrats. Tree cover was estimated 
in each ten by ten meter quadrat by direct observation. 

The methods of obtaining the percentage cover for the herbs in the New 
Jersey pine barrens area were similar to those used above. Data for trees 
and shrubs were obtained by the line intercept method deseribed by Buell 
and Cantlon (1950), and are the same figures which they used. 

Two methods of expressing life-form percentages were used. One method 

1 Contribution from the Botany Laboratory, Rutgers University and Paper No. 11' 
from the Biological Station of the University of Minnesota. 
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based the spectrum on the flora, or in other words, the species list obtained 
from the sampled area. The other method was based on cover, a quantitative 
characteristic of the vegetation. It consisted of computing the total percent 
cover of each life-form by adding the percent cover of the individual species 
comprising it. The resulting totals were then converted to percents of their 
sum. 


Definitions of terms. The separation of species into life-form groupings 
was made following the descriptions given by Raunkier (1934) with the 
following arbitrary boundaries between forms: The term phanerophyte 
was limited to plants whose perennating buds were at least twenty-five 
centimeters above the ground level; chamaephytes to plants whose peren- 
nating buds were situated under twenty-five centimeters but above the 
ground level; hemicryptophytes to plants whose perennating buds lay in the 
soil surface or in the leaf litter above it; and cryptophytes to plants whose 
perennating buds are definitely below the soil surface. Therophytes live 
through the unfavorable season in the form of seeds. 

Results. A comparison of the spectra based on the species list with those 
based on cover shows a pronounced difference in both the New Jersey and 
the Minnesota communities. In the New Jersey spectra of both types, the 
phanerophytes, in other words the least protected life-form, show by far 
the greatest percent. The phanerophyte percentage is greater when cover 
is used as a basis, while the hemicryptophytes and cryptophytes decrease. 
In the Minnesota spectra of both types, hemicryptophytes have the highest 
percentage. However, when cover is used as a basis for the spectrum, cryp- 
tophytes increase greatly in importance, while phanerophytes show a pro- 
nounced decrease. 

When the New Jersey and the Minnesota spectra are compared, wide 
differences appear (table 1). The Minnesota jack pine stand has a far 
greater proportion of the more protected life-forms. The differences are 
greatest when the spectra are based upon cover rather than upon the list 
of species occurring in the sample quadrats. For comparison’s sake, the 
wide climatic difference between the two places is illustrated by precipita- 
tion and temperature data presented in table 2 (U.S.D.A. Weather 
Bureau data). 

Discussion. Although most of the published life-form spectra have been 
based upon species lists, some workers have recognized the desirability of 
employing some sort of quantitative vegetational data. When the species 
list is used, each species, whether abundant or rare, has the same impor- 
tance in a spectrum. When quantitative vegetational data are used, each 
species is placed more nearly in its proper position with respect to the con- 
tribution it makes to the community. Frequency points have been used. 
Cain (1945) used frequency data in making biological spectra for the cove 
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TABLE 1. Life-form spectra based upon the species lists and upon cover data for 
the two stands, 


Reale : ra — PH CH HE _ €6R TH 
ri) ommunity : or % % % % % 
Spectrum Species 


New Jersey 


Pine 19 84.2 0 10.5 5.2 0 
Species Barrens 
List Minnesota 
Jack 63 23.8 4.7 60.3 7.9 3.1 
Pine 
New Jersey 
Pine 19 98.1 0 1.9 0.0001 0 
Barrens 
Cover ‘ 
Minnesota 
Jack 63 11.8 2.5 55.6 28.7 1.4 
Pine 


hardwoods of the southern Appalachians, and Buell and Wilbur (1948) 
used them in a study in Minnesota. Dansereau and Gille (1949) used 
abundance and frequency. Cover more accurately expresses the importance 
of an individual species occurring in a given vegetation and should be an 
even better basis for life-form spectra. Cain (1950) suggested its use in 
his recent review. As Penfound (1945) showed, of the various phytosocio- 
logical bases for community analysis, ‘‘areal cover is more important than 
frequency or density in the study of plant communities,’’ and ‘‘it well de- 
lineates relative dominance.’’ Bauer (1943) also arrived at similar conclu- 
sions saying that, ‘‘It is coverage rather than number of plants or fre- 
quency of occurrence or other quantitative concepts used in the analysis of 
vegetation that determines dominance and gives character to the com- 
munity. Because of these things, coverage data may be thought of as more 


TABLE 2. Climatological data for the two areas 


1944 1945 1946 1947 1948 





Annual Mean Temperature 54.8 55.1 55.6 53.2 53.3 
New Jersey — — 7 — = 
~ Temperature H 97 98 97 i 
Pemberton Extremes L 3 1 10 4 —10 
Station 2mm . - ere — reas mee 
Total Annual Precipitation 44.23” 48.74 38.24 43.17” 51.10” 


Annual Mean Temperature 40.3 37.4 39.0 38.2 
Minnesota oe r : 


92 95 92 101 94 


at Temperature H pe 
Lake Itasea Extremes L -—31 — 36 — 43 _ 40 ae 
Station RETEST 


Total Annual Precipitation 32.607 22.34 27.707 24.18” 23.47” 
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valuable and significant than other data intended to express the quantita- 
tive relations among species.’’ 


It is because of the importance of cover that an attempt is made here to 
incorporate cover data into life-form spectra. The results may present a 
truer expression of the situation than that obtained through the use of the 
species list or frequency data. 

Since both communities concerned are successional rather than climax, 
the selection of them for comparison had to be subjective. It is apparent 
that the life-form spectrum changes in the course of the succession, hence 
use of such successional communities for comparison may be questionable. 
However, if a large number of stands of similar age in both areas were 
treated in the same way, it is doubtful if the spectra would be greatly 
changed. Certain unimportant species not sampled in either area would 
appear, but on the basis of cover would scarcely alter the picture. One of 
the most conspicuous in its effect on the New Jersey spectrum in that it 
would introduce a new life form would be Melampyrum lineare Desr. It 
is a therophyte which occurs as occasional individuals in the New Jersey 
woods. It is much more frequent in the jack pine woods but in neither 
place does it contribute more than an extremely small fraction of the cover. 
The authors believe that the spectra represent a fairly good comparison be- 
tween the forested pine barrens of New Jersey and the jack pine forests of 
Minnesota. 


SUMMARY 


1. The life-form spectra of the plants in the two areas studied are in 
agreement with Raunkier’s hypothesis. 

2. There is a shift from the less protected life forms in New Jersey to 
the more protected life-forms in Minnesota. 

3. The cover method is a more satisfactory basis for life-form compari- 
sons than the species list method, as cover is more indicative of the contri- 
bution of plants to vegetation. 
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A CYTOLOGICAL STUDY OF TRADESCANTIA 
REVERCHONI BUSH 


WALTER V. Brown, HELEN J. PONEWCZYNSKI, AND 
Henry H. ScarRBoROUGH, JR. 


Tradescantia Reverchoni is included in the Virginiana complex of the 
genus and is characterized by the dense, ferruginous indument of the roots 
(Anderson and Woodson, 1935). In Texas it is found from a line east of the 
Edwards Plateau of the central region of the State to western Louisiana 
(Anderson and Woodson, 1935) where it grows naturally in deep sand, often 
associated with 7’. subacaulis Bush and T. hirsutiflora Bush. This is a region 
occupied by both diploid and tetraploid species and forms of this complex. 
Anderson and Sax (1936) reported cytological studies in many species of 
the genus but 7. Reverchoni was not included. It ts felt that no figure of the 
chromosomes of this species is necessary since the excellent photomicro- 
graphs in the cited literature correspond exactly with what was found in 
this species. 

Materials and Methods. In the present study collections of plants were 
made from two Texas locations, both on Eocene sand. One colony is located 
on the railroad right-of-way two miles East of McDade in Bastrop County 
(W. V. Brown, No. 4233), the other on highway 175 on the eastern city 
limits of Athens in Henderson County. Whole plants were dug and brought 
to the laboratory for study. Aceto-carmine smears of microsporocytes were 
made for the study of the chromosomes, and cotton-blue in lactophenol was 
used for the study of pollen grains. Herbarium specimen, W. V. Brown, No. 
4233, is deposited in the University of Texas Herbarium. 

Cytology. There was one indication that 7. Reverchoni is tetraploid pre- 
vious to this cytological study, namely its blooming time. The tetraploid 
forms of those species having both diploid and tetraploid forms bloom later 
in the season than do the diploid. The plants of 7. Reverchoni were collected 
at the beginning of their blooming period, the first week of May, 1950, at a 
time when known diploid species, 7. gigantia Rose, T. humilis Rose, T. ed- 
wardsiana Tharp and T. occidentalis (Britton) Smyth, were finished or 


nearly finished blooming. Cytological study of microsporocytes from plants 
of both collections revealed that 7. Reverchoni is another tetraploid species 
with n = 12 chromosomes with median or sub-median centromeres. Since no 
diploid plants of this species are known, T. Reverchoni is placed with that 
group of species (table 1) known to be tetraploid only (Anderson and Sax, 
1936). 
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TABLE 1. Species of Tradescantia known only as tetraploids 
Species Authority 
T. subaspera Ker-Gawl Anderson and Sax, 1936 
T. ozarkana Ander. and Woods = hs ee dy 4 
T. virginiana L. si right >» si 
T. Tharpii Ander. and Woods ¥ oe om ey 
T. longipes Ander. and Woods oe C8.) RE ae 
T. roseolens Small oi SN inet uk es 
T. Reverchoni Bush Brown, Ponewezynski, and Searborough | 
the aa 
roots There are three species of this genus that have both diploid and tetra- 
f the ploid forms, 7’. canaliculata Raf., T. occidentalis ( Britt.) Smyth and T. hir- 
siana sutiflora Bush. In each case the southern tip of the range is in Texas and it 
ften is in this part of the range where the diploid forms are found. Anderson and | 
ion Diehl (1932) state that in the group studied by them, polyploidy does not 
plex. oceur at the center of specific diversity but is characteristic of the northern 
es of periphery. If this same geographical relationship between diploid and tetra- 
f the ploid forms should hold for 7. Reverchoni, it would be expected that the 
iero- diploid forms would be located in the southern and western portion of the 
1d in range of the species, in general, the region of Bastrop County, Texas. How- 
ever, the Bastrop County collection (McDade) is tetraploid. The Athens 
were collection from about the center of the area occupied by this species is also 
‘ated tetraploid. It is probable, therefore, that this species has no diploid forms. 
unty Polyploidy in this group of plants is reported to be autopolyploidy in 
city all eases (Anderson and Diehl, 1932; Anderson and Sax, 1936). This con- 
ught ) clusion is based on the usual occurrence at meiosis in polyploid plants of 
were quadrivalent chromosome configurations, from 1 to 6 in T. canaliculata. 
| was Usually about half the chromosomes are paired as bivalents and half as 
No. quadrivalents at meiosis in tetraploid T. occidentalis. 
In plants of both collections of T. Reverchoni the frequencies of bivalents 
pre- and quadrivalents found in 21 cells that could be correctly analyzed are 
ploid listed in table 2. 
later No configurations were found involving more than 4 chromosomes as has 
eted : __ been reported in 7’. virginiana, but four eases of trivalents and accompany- 
at a ing univalents were counted as quadrivalents, as it was not possible to deter- 
. ed- 
TABLE 2 
dor 
lants F . , abe . 
‘e No. of times observed No. of IT’s No. of IV’s and III’s 
eC1eS > alm 
e no 3 2 5 
10 4 4 
that | 4 6 =~ § 
Sax, 3 8 — — 2 
0 1 
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mine whether these were the result of the smear technique or represented 


actual configurations. All such were found in the MeDade material, none in 
sporocytes from the Athens plants. Anderson and Sax (1936) report a small 
per cent of trivalents and univalents. Of the 504 chromosomes in the 21 cells 
listed in table 2, 280 were involved in quadrivalents (including trivalents 
and univalents) which is 55.5 percent, agreeing closely with Sax and Ander- 
son’s findings in T. occidentalis. The average number of multivalents per cell 
is 3.1. No cell was found that did not have at least one quadrivalent. It is 
apparent, therefore, that T. Reverchoni also is an autotetraploid species. 

Observed chiasma frequency per chromosome is less than 1 for all the 
cells studied, and in all cases the chiasmata were terminal. If trivalents and 
univalents are included along with quadrivalents the average chiasma fre- 
queney is about 0.92 per univalent or 22 per cell of 24 univalents. This com- 
pares with 0.8, 0.9, and 0.8 in three tetraploids studied by Anderson and 
Sax (1936) 

Pollen sterility was determined for one plant of the MeDade collection. 
Of 575 cells examined, 84 were empty giving pollen sterility of about 15 
per cent or fertile pollen 85 per cent, which corresponds with conditions 
found by Anderson and Sax (1936). In four tetraploid species studied they 
report pollen fertility of 70 to 90 per cent. 

Only one case of proximal interlocking of meiotic chromosomes was found 
in this study. It involved two ring bivalents. This phenomenon is rather com- 
mon in diploid species of Tradescantia (Sax and Anderson, 1934), five spe- 
cies and a hybrid having 8.7 per cent of all bivalents interlocked at meta- 
phase. These same authors report interlocking in the tetraploid 7. virginiana 
frequently involving both bivalents and quadrivalents. In T. Reverchom 
interlocking occurs in less than 1 per cent of all bivalents. 

The quadrivalent configurations found were of the ring of four chromo- 
somes, the chain of four with two free ends and the trivalent with univalent 
mentioned above. All such trivalents had open ends as though a fourth chro- 
mosome might have been removed. The rings frequently had a figure-8 form, 
possibly a side view of an open ring. Rings were more common than chains 
in the Athens plants but in the McDade material the two types were about 
equally frequent. 

Most cells at first meiotic anaphase had equal distribution of chromo- 
somes to the two poles, 12 to each. The ability of these autopolyploid species 
to give equal segregation of chromosomes and so have high pollen fertility 
and seed production is due, according to Anderson and Sax (1936), to two 
characteristics of these species, terminal chiasmata and median attachment 
constrictions. In T. Reverchoni one anaphase distribution of 13—11 chromo- 
somes was noted. Also, occasional diad cells and young microspores were 


seen with a micronucleus or two. Each of these micronuclei was apparently 
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sented the result of one lagging chromosome. Microspores containing these micro- 
( s . . . . 
aed nuclei probably give rise to at least some of the empty pollen found. 


i small 

1 cells SUMMARY | 
valents In all respects the cytology of 7. Reverchoni corresponds closely with | 
Ander- the cytology of other autotetraploid species of the Virginiana complex of | 
ae cell Tradescantia as reported by previous workers. T. Reverchont is an autotetra- | 
L. It is ploid with n = 12 chromosomes with median or submedian centromeres. There | 
- is an average of 3.1 multivalent chromosome configurations per cell at meta- | 
. , phase of the first meiotic division. Chiasmata are all terminal at metaphase, | 

Ss anc 


and there is an average of 0.9 chiasmata per univalent chromosome. Only one 


ia fre- . ‘ ‘ . ° F . 
= ease of chromosome interlocking was found in the 21 cells studied. Pollen 


. Oo fertility is about 85 per cent with occasional micronuclei present in young 
n and spores. It is probable that this is a purely tetraploid species. 
; THE BoraNicaL LABORATORIES, THE UNIVERSITY OF TEXAS, 
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TACCA INVOLUCRATA: ITS CHROMOSOMES 
J. T. BALDWIN, JR. AND BERNICE M. SPEESE 


Tacca, with fifteen species, is one of two genera of the monocotyledonous 
family Taceaceae (Willis, 1948); the family is sub-pan-tropical in range 
(Good, 1947). T. involucrata Schum. and Thonn. is found throughout West 
Africa and extends to Gabon, Abyssinia, Nyasaland, and the Masvarene 
Islands (Hutchinson and Dalziel, 1936). Native peoples sometimes eat the 
starchy tuberous rhizome of this plant (Dalziel, 1948). But nowhere does 
T. involucrata assume the importance of those East Indian species which 
are the source of arrowroot. 

T. involucrata in flower or fruit (fig. 1) is hardly to be overlooked. It is 
odd rather than attractive. One readily sees it from a moving automobile 
when the plant is along the roadside. One or more, much-lobed, radical leaves 
rise to a height of two feet; a rather stout peduncle bearing an umbel of 
greenish flowers with greenish thread-like inner bracts (said by Hutchinson 
and Dalziel to be purplish) reaches about twelve inches above the leaves. 
The ridged fruit becomes yellow on ripening and contains from twenty to 
thirty, striated, fusiform seed. Each seed has a gelatinous covering. 

At some seasons no part of the plant is above ground; the itinerant col- 
lector may accordingly fail to record the species for a given area. 

During twenty months of extensive fieldwork in West Africa the senior 
author found Tacca only three times: in Nigeria in May and April of 1948. 
In no other year were those months spent in the field. Moreover, the greatest 
amount of time was spent in forested regions, and 7. involucrata seems to 
prefer more open situations. Collections were made in Nigeria near Abeokuta 
(Baldwin 12006. April 28, 1948. In flower. Deposited at Kew and at the 
Smithsonian Institution), near Ibadan (May 4, 1948. In flower.), and at 
Jos, Bauchi Plateau (May 9, 1948. In flower.). Rhizomes from these three 
localities were grown at Williamsburg, Virginia. 

The chromosomes of plants of Abeokuta and Jos origins were examined 
in root smears: 2n = 30 (fig. 2). The chromosomes are small and without 
distinctive morphology. No other reports of chromosome numbers for the 
Taceaceae are known to us. 


SUMMARY 


1. Tacca involucrata is widespread in Africa. Odd in fruit and flower 
it attracts attention, but the collector is not likely to find the plant during 
its dormant period. 
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BALDWIN AND SPEESE: TACCA INVOLUCRATA 


Fic. 1. Tacca involucrata showing ridged fruit and filamentous bracts. 
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2. The species was found at three Nigerian stations, and the chromo- 
somes investigated for plants from two of those stations: 2n = 30 at Abeokuta 


and at Jos; the chromosomes are small and without distinctive morphology. 


fry 


Fic. 2. Chromosomes of Tacca involucrata from root-tip smear; 2 = 30, x 2200, 


No other chromosome reports are known for the Taccaceae, a small mono- 
ecotyledonous family with puzzling affinities. 
COLLEGE OF WILLIAM AND Mary 
WILLIAMSBURG, VIRGINIA 
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RESPIRATION RESPONSE OF ROOT TIPS TO 
MALEIC HYDRAZIDE' 


AUBREY W. NAYLOR AND Epwin A. DAVIS 


Maleic hydrazide has been shown to have striking effects on plant growth, 
development and flowering (Schoene and Hoffmann, 1949; Naylor and 
Davis, 1949, 1950; Naylor, 1950). The symptom pattern followed by a wide 
variety of seedlings and older plants treated with this substance is quite 
similar; perhaps the most general morphological characteristic of treated 
plants being their stunted appearance. The profound changes in develop- 
ment observed are unquestionably reflections of drastic alterations in the 
metabolism of the cells. From gross observations it can be stated with a fair 
degree of certainty that the cells of the terminal meristems and intercalary 
meristems of seedlings treated with the higher concentrations of maleic 
hydrazide (2-4 per cent) cease completely or almost completely to divide. 
Elongation of the cells is also apparently inhibited though increase in width 
seemingly is not. It may be assumed from this that maleic hydrazide exerts 
its effects upon at least two fundamental phases of growth—inecrease in 
cell number and elongation. The question which then pfesents itself is 
which cellular mechanism or mechanisms are directly influenced by maleic 
hydrazide ? 

One of the phenomena generally assumed to be associated with growth is 
respiration. Though it is now known the proportion of respiratory energy 
actually utilized in growth, that is, in cell division and increase in size, is 
small (Wohl and James, 1942; Goddard and Meeuse, 1950) and though 
there is no positive correlation between growth and respiration some respira- 
tion is essential to growth. Certainly a partial or complete inhibition of 
respiration by oxygen lack, or respiratory poisons, is accompanied in higher 
plants by cessation of growth. In view of this a series of experiments was 
performed to determine to what extent respiration of a tissue system such 
as root tips is affected by maleic hydrazide. The respiration of root tips of 
seven species, three monocots and four dicots, was studied. The plants were 
pea (var. Perfection), sunflower, tomato (var. Rutgers), hybrid maize (Wis. 
#525), Wisconsin barley, oats (var. Victory) and wheat. 

Materials and Methods. Root tips were obtained in the following man- 
ner. The appropriate seed was placed in an Erlenmeyer flask and covered 
with a sterilizing solution. This sterilizing solution consisted of 7 per cent 


'This work was supported in part by a grant from the Rockefeller Foundation. 
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sodium hypochlorite plus two drops of Aerosol OT (25%) per 100 ml. of 
solution. During the 20 minute sterilization period the flasks were shaken 
vigorously on a high speed shaking machine. Following this the seed was 
washed eight times with sterile water; then allowed to stand in sterile dis- 
tilled water for one hour; and after this the liquid was drained off in order 
to get rid of any remaining traces of sodium hypochlorite. Fresh sterile dis- 
tilled water was then added and the seed allowed to soak for seven hours. 
At this time the seed was plated out on moistened filter paper in sterile Petri 
dishes. The Petri dishes were stored in the dark and the seeds allowed to 
germinate. Fairly uniform root tips were obtained by this method. One em, 
long root tips were cut with the aid of a pair of scissors to the end of which 
was attached with paraffin, perpendicular to the scissor axis, a coarse 1 em. 
long hair. By placing the free end of the hair even with the end of a root tip 
and cutting, material of uniform length was easily obtained. After the root 
tips were cut they were floated in distilled water until their final preparation 
for respiration determinations. 

Maleic Hydrazide Solutions. Water solutions of maleic hydrazide were 
prepared and adjusted to the desired pH with 0.1 N NaOH and 0.1 N HCL 
The pH of all solutions including the controls was the same for any given 
set of determinations. Concentrations tested were 0.05, 0.10, 0.20, and 0.40 
per cent. 

Respiration Measurements. All respiration measurements were made 
using the direct method of Warburg as described by Umbreit, Burris and 
Stauffer (1945). Measurements were carried out at 27° C. in diffuse room 
light using reaction vessels with volumes of approximately 7 ml. and sup- 
plied with center wells. To each main compartment was added 1.8 ml. of 
solution and 10 to 30 root tips depending on their size. The root tips con- 
tained in the vessels were then infiltrated with the solutions in which they 
were suspended. This was facilitated by placing the open flasks under 
vacuum in a vacuum desiccator for one hour. Infiltration by this method 
was found to greatly increase response of the root tips to maleie hydrazide, 
supposedly by increasing total surface contact with the substance. Such 
treatment in itself had little or no harmful effect. After infiltrating the root 
tips, 0.2 ml. of 20 per cent KOH was added to the center wells of the vessels. 
The vessels were then connected to the manometers, suspended in the water 
bath, and after a period of equilibration, readings commenced. Following 
the respiration measurements the root tips were taken from the vessels, 
pressed gently between blotting papers to remove all surface water, and 
dried at 90° C. to a constant dry weight. The volume of oxygen taken up 
by the root tips was calculated on a dry weight basis. 

Results. In general, respiration of root tips suspended in 0.05 to 0.40 
per cent water solutions of maleic hydrazide at pH 6.0 was not greatly 
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affected as indicated by table 1. There was an occasional apparent inhibition 
together with an equally frequent apparent stimulation ; there being little 
relationship between response and maleic hydrazide concentration. At pH 
4.0, however, marked inhibition resulted. The degree of inhibition increased 
with increasing maleic hydrazide concentration (table 1 and fig. 1). Pea 
and maize root tips having respiration rates 73 and 65 per cent respectively 
of the controls in the presence of 0.40 per cent maleic hydrazide, were least 
affected of any of the roots tested. Root tips of the small grains oat, wheat, 
and barley were inhibited to the greatest extent and to approximately the 
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Fig. 1. The inhibition of root tip respiration by maleie hydrazide at pH 4.0. 


same degree respiring at rates of 25, 24, and 20 per cent respectively of the 
controls when suspended in 0.40 per cent maleic hydrazide. Falling between 
these two extremes were sunflower and tomato root tips which respired at 
rates of 40 and 38 per cent of the controls. It is interesting to note that the 
respiration of root tips of the small grains was most easily inhibited by 
maleic hydrazide. 

After the initial measurements respiration rates of maize and oat root 
tips were again measured after they had been allowed to remain in the same 
solutions for approximately 18 hours. By this time the inhibition had in- 
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creased about 50 per cent for maize root tips and 76 per cent for oat root 
tips both in 0.20 per cent and 0.40 per cent maleic hydrazide solutions (table 
2). The per cent increase in inhibition of respiration by the less concentrated 


solutions was smaller. Although respiration of maize root tips was initially 


TABLE 1. Root tip respiration as affected by maleic hydrazide 


pH 4.0 pH 6.0 
Cone. of 
> ; . . “T. Jar eA 
Root tips Pe aes mm. O. taken Pe nt 
. up/hr./10 mg. ciieead 


mm O, taken 
up/hr./10 mg. 


Pea 0 54.4 100 41.3 -—50.8 
.05 52.7 97 — 49.4 
10 — 48.0 88 48.1 
.20 - 47.8 88 — 36.3 
40 39.7 73 — 40.7 
Sunflowe) 0 — 74.0 100 — §1.1 
05 — 66.7 90 — 62.6 
10 55.0 74 — 60.9 
.20 41.8 56 — 57.3 
40 30.0 40 - 49.8 
Tomato 0 - 88.8 100 126.7 
.05 — 75.0 84 
10 - 56.2 63 
20 — 45.0 51 — 68.4 
40 — 34.0 38 — 55.3 
Maize 0 a 777 100 —49.7 -—50.4 
.05 — 61.5 79 — 50.2 
10 — 64.9 84 — 61.7 
.20 — 65.0 84 — 44.9 
40 — 50.5 65 — 61.1 
Barley 0 — 129.3 100 — 90.9 
.05 - 69.3 54 - 97.4 
10 49.0 38 — 96.0 
.20 ~ 41.0 32 — 91.9 
.40 — 26.0 20 — 74.0 
Oat 0 — 112.6 100 — 90.0 
.05 68.8 61 — 107.0 
10 — 51.6 46 — 84.8 
.20 — 42.5 38 -—77.9 
40 — 28.1 25 — 73.2 
Wheat 0 80.7 100 — 100.2 
.05 — 54.0 67 — 96.8 
10 — 43.3 54 — 87.9 
.20 — 28.2 35 — 102.1 
40 — 19.7 24 — 94.0 


not found to be inhibited to as great an extent as those of the small grains 
nevertheless with time the inhibition increased. It still remained less, how- 


ever, than that for oat root tips. 


Per cent 
of 


control 


100 
120 
116 

71 

80 
100 
122 
119 
112 


97 


100 


54 
44 
100 
101 
124 
89 
121 
100 
107 
106 
101 
81 


100 
119 
94 
86 
81 
100 
97 
88 
102 
94 


Discussion. Maleic hydrazide inhibition was found to be dependent on 


the pH of the medium in which it was supplied. At pH 6.0 maleic hydrazide 
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was ineffective while at pH 4.0 it was strongly inhibitory. Similar relations 
of pH to respiration inhibition have been reported by Bonner (1948) for 
malonate inhibited respiration of the Avena coleoptile, by Bonner and Wild- 
man (1946) for malonate inhibition of spinach leaf respiration and also by 
Laties (1949) for barley roots. 

The exact role of pH in respiration is not clear. Respiration of many 
organisms is apparently affected very little by wide variations in hydrogen 
ion concentration (Small, 1946). Mitchell, Burris and Riker (1949) observed 
with thin slices of tobacco and tomato stem that the respiration rate de- 
creased with decrease in pH to around pH 5.2; at this point respiration rate 
leveled off and remained constant as the pH was dropped to 4.0. Roots of a 
number of species apparently behave differently. Our findings with pea, sun- 
flower, maize, barley and oat roots show an increase in respiration as hydro- 


TABLE 2. Increase in the response of root tips to maleic hydrazide with time 





After ea. 18 hours 


. Initial 
Cone. of 
Root Maleie 
Tips Hydrazide mm’*O, taken 





Per cent Percent Per cent in- 


mm? O, taken a 
; 2 n 
(pH 4.0) up/br./10 mg. i up/ar./T0 mg. am inhibition 
Corn 0 —77.7 100 — 57.3 100 0 
05 — 61.5 79 — 41.8 73 8 
10 — 64.9 84 — 34.4 60 29 
.20 — 65.0 84 — 24.8 43 49 
40 — 50.5 65 — 18.1 32 51 
Oat 0 — 112.6 100 79.4 100 0 
.05 — 68.8 61 — 36.6 46 25 
10 — 51.6 46 — 20.9 26 44 
.20 — 42.5 38 — 7.2 9 76 
40 — 28.1 25 - 48 6 76 


gen ion concentration was increased from pH 6.0 to 4.0. Wheat was an ex- 
ception; but Lundegardh (1944) has observed an increase in uptake of 
oxygen by wheat roots as acidity was increased from pH 4.0 to 3.0. 

Contradictions in the literature on the effect of substances like malonate 
on plant tissue respiration can be ascribed to variations in pH of substrates 
used by different investigators. It seems likely that hydrogen ion concentra- 
tion affects penetration of the inhibitor into the individual cells. Vacuum 
infiltration as used in our experiments affects penetration only in an indirect 
way, that is, by bringing the maximum cell surface area into direct contact 
with the desired cell penetrant. Substances such as malonie acid apparently 
enter the cell most readily in the undissociated form, thus a low pH is essen- 
tial if one wishes to get the typical malonate effect (Turner and Hanly, 1947 ; 
Laties, 1949). A similar situation possibly obtains for maleie hydrazide. 

The increase in inhibition with time suggests an inerease in concentration 
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of the inhibitor within the cells owing to a longer period for penetration and 
to its greater effect as a result of starvation of the root tips resulting in a n 
depletion of normal substrates within the tissues. 
Since maleic hydrazide was found to have a deleterious effect on root tip 
respiration it seems entirely possible that it exerts its influence-on growth 
by inhibiting respiration. Just which portion of the oxidative metabolism 
of the plant is affected remains unknown at the present time. One is tempted 
to speculate, however, that a dehydrogen: se is in some way prevented from 
functioning normally. ' 
Evidence now available from growth and respiration studies indicate 
that maleic hydrazide acts either as a poison or as a biological antagonist : 
competing for the receptor portion of an enzyme concerned in respiration. 


The inhibitory effects observed may come about through interaction of 
maleic hydrazide with thiols forming stable compounds. Maleic acid which 
was first described by Thunberg (1911) as causing a marked decrease in the 
gas exchange of tissues was found by Morgan and Friedman (1938) to react 
with thiol compounds by addition. Addition products of maleie acid with 
cysteine and glutathione were isolated. Later Hopkins, Morgan and Lutwak- 
Mann (1938) showed that maleic acid also reacts with the SH groups of 
proteins and could thus inhibit the action of succinic dehydrogenase. Similar 
reactions of maleic hydrazide with SH groups are currently being explored. 


SUMMARY 


1. Respiratory response of four species of monocots and three species of 
dicots to change in acidity and to maleic hydrazide was investigated. 

2. The effect of increase in acidity alone from pH 6.0 to pH 4.0 was to 
stimulate respiration in pea, sunflower, maize, barley and oat; while under 
similar conditions respiration in tomato and wheat was depressed. 

3. Respiration of root tips of none of the species tested was appreciably 
affected by maleic hydrazide at pH 6.0; but as the maleic hydrazide solu- 
tions were increased in acidity oxygen consumption of all seven species 
decreased. 


— 


4. Respiration of barley, wheat, and oat roots was more severely affected 
by all concentrations of maleic hydrazide used—0.05, 0.10, 0.20, and 
0.40 per cent—than roots of any of the other plants tested. Pea and maize 
roots were most resistant to maleic hydrazide poisoning, while those proving 
intermediate in response were sunflower and tomato. 


en 


5. Inhibition of respiration in maize and oat by maleic hydrazide in- 
creased with time. 
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n and 6. Possible modes of action of maleic hydrazide on the respiratory mecha- 
;ina nism are discussed. 
. OsBoRN BoTaNICcAL LABORATORY, YALE UNIVERSITY 
ot tip New Haven, ConNECTICUT 
‘owth DIVISION OF BroLoay, CARNEGIE INSTITUTION OF WASHINGTON 
olism . STANFORD, CALIFORNIA 
ipted 
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THE CHROMOSOME NUMBER OF SEVERAL 
SPECIES OF STROPHANTHUS 


E. R. Witxvus 


Strophanthus is a genus of some fifty species belonging to the family 
Apoeynaceae. Members of this genus are native to tropical Africa and 
Asia. A glucoside, sarmentogenin, is extracted from the seeds of certain 
species of Strophanthus. This glucoside is of potential value as a precursor 
in the synthesis of the drug, cortisone. Sarmentogenin was extracted from 
seeds presumed to be those of the species Strophanthus sarmentosus, but 
there is doubt on this point and the genus is now being investigated by 
several agencies. Because of the importance of Strophanthus a chromosomal 
study of available species of Strophanthus was undertaken. Seeds of Stro- 
phanthus were obtained from Merck and Company through Dr. Krukoff 
and Dr. MeMullen. The following species were studied. 

Strophanthus arnoldianus. De Wild and Durand (9R7837) 
Strophanthus Barteri, Franch. (50R4191) 

Strophanthus congoensis, Franch. (184, 196, 212) 
Stroephanthus Courmonti, Sacleux. (50R3454) 
Strophanthus divergens, Grah. (50R2079, 50R4952) 
Strophanthus Emini, Asch. and Pax. (9R8972) 
Strophanthus gerrardii, Stapf. (50R4952) 

Strophanthus grandiflorus, Gilg. (50R4951) 
Strophanthus gratus, Franch. (113a, 160) 

Strophanthus hispidus, A. P. DC. (118, 161, 186, 192) 
Strophanthus hypoleucus, Stapf. (50R3634) 

Strophanthus Kombe, Oliv. (50R3935) 

Strophanthus Preussii, Engl. and Pax. (50R4192, 50R5854) 
Strophanthus sarmentosus, A. P. DC. (155a, 156, 184) 
Strophanthus speciosus, Reber. (50R5847 ) 

Strophanthus Tholloni, Franch. (189) 

Strophanthus Wightianus, Wall. (50R3934) 





Figs. 1-20. Photomicrographs of aceto-orcein smear preparations of cells from the 
root tips of various species of Strophanthus; x 1750. Fig. 1. S. arnoldianus, F1@. 2. 
S. Barteri. Fig. 3. 8S. congoensis. Fig 4. 8S. Courmonti. Fig 5. 8. divergens, showing two 
heteropyenotic satellites in contact with the nucleolus. Fic 6. S. divergens. Fie. 7. 8. 
Emini. Fig 8. S. gerrardii. Fia. 9. 8S. grandiflorus. Fie. 10. S. gratus. Fra. 11. 8. hispidus. 
Fie. 12. 8. hypoleucus. Fig. 13. S. Kombe. Fic. 14. 8S. Preussii. Fig. 15. 8S. sarmentosus. 
Fig. 16. S. speciosus, resting stage showing prochromosomes. Fic. 17. S. speciosus. Fie. 18. 
S. Tholioni. Fig. 19. 8. Wightianus, prochromosomes in early prophase. Fie. 20. 8. 
Wightanus. 
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The seeds of the above species were allowed to germinate on moist 


sphagnum in Petri dishes. When the seedlings were ten millimeters long, 
root tips were removed and placed in a fixative consisting of three parts 
absolute alcohol and one part glacial acetic acid. After one hour fixation, 
they were hydrolyzed for thirty seconds in a solution containing equal 
amounts of 95% alcohol and concentrated hydrochloric acid. The root tips 
were then placed on a slide in a drop of aceto-orcein and allowed to stain 
for fifteen minutes. The excess stain was then removed; the tissue covered 
with a cover slip and pressure applied in order to smear out the cells, 
Chromosome counts were made from metaphase plates and in all the seven- 
teen species studied the diploid number was found to be twenty (figs. 1-20). 

The chromosomes are rather small and range in size at metaphase from 
.7 micron to 2.4 micra. Because of their small size, the morphology of the 
chromosomes could not be determined accurately. No sharp distinction in 
chromosome morphology among the species was noted. Prochromosomes were 
evident in the resting and early prophase stages of all species. These pro- 
chromosomes appear as heteropyenotie regions on either side of the SA- 
region. Figure 19 is a photomicrograph of a cell in early prophase showing 
the prochromosomes of Strophanthus Wightianus. Figure 16 is a_photo- 
micrograph of a cell of Strophanthus speciosus in the resting stage, showing 
the prochromosomes. In one species, Strophanthus divergens, a pair of 
heteropycnotic satellites in contact with the nucleolus was evident in the 
resting stage (fig. 5). In no other species could these satellites be determined 
with certainty due to the presence of numerous prochromosomes with which, 


if present, they could easily be confused. 
SUMMARY 
1. The chromosome number of seventeen species of Strophanthus were 


studied and found to be 2n = 20 in all eases. 


BIOLOGICAL LABORATORY, ForDIAM UNIVERSITY 
New York 58,N. Y. 
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TORREYA 


“Fairy Ring’ Mushrooms Make Protein-rich Grass! 


Wo. A. Ausrecut, V. L. SHeLpon, Wm. G. BLUE* 


The greener rings of lawn grass provoked by the “fairy ring” mushroom 
(Marasmius oreades) will always attract attention. This is true whether or not we 
appreciate and understand all that this phenomenon demonstrates. It is not surpris- 
ing that the casual observer should suspect the ring of grass of greener color as a 
ease where the nitrogen fertilizer was spread on the lawn irregularly by hand, or 
that others should believe “the fairy ring is in reality a grass disease” (1). 

The opportunity to observe a larger lawn area more critically came as the result 
of assigned parking space necessitating greater distance of walking. Then with two 
years, 1948 and 1949, of well-distributed and liberal amounts of rainfall, the fairy 
rings came into bolder prominence and closer attention. They provided a temptation 
to sample the deeper green grass of the ring advancing ahead of the mushrooms 
and some grass not so green and not in the ring.? These samples were collected for 
chemical and more refined biochemical analyses in the latter part of the growing 
season of 1948 in September, and then again the next year, 1949, in both May and 
July as earlier and later parts of the season when the fairy rings are commonly 
observed. 

Nitrogen Contents of the Grasses. The chemical analyses of the dried grasses 
included the measurement of (a) the total nitrogen by the usual Kjeldahl procedure, 
(b) the amino nitrogen as determined by the Van Slyke method used on the acid 
hydrolyzed samples, and then (c) the amounts of nine of the ten essential amino 
acids by means of the microbiologic assay method (2). 

The darker green color of grass is always associated with larger amounts of 
nitrogen in the soil for higher concentrations of it in the grass. The sample from the 
fairy ring with its more luscious and abundant growth proved the truth of this state- 
ment very clearly. It contained an equal or higher concentration of total nitrogen 
when compared with the non-ring grass, as is shown by the data in Table 1. Only 
the samples taken in May and July 1949 were tested on this point. It is significant 
that in May both the ring and the non-ring grasses were of about the same—but yet 
high—concentrations of nitrogen. Also both had more than 50 per cent of their total 
nitrogen in the amino form, according to the Van Slyke test. 

As feed for grazing livestock, for example, this amount of amino nitrogen con- 
tent would represent more than 200 pounds of high grade protein per ton of dry 
matter in May. By July, however, the non-ring grass had apparently increased its 
carbohydrate content through photosynthesis so much more rapidly than it had 
carried on its conversion of this compound into protein, that the total nitrogen as 
percentage was much lower. Likewise, the share of the total nitrogen in the amino 


. | Much of this study was made possible through the help of Swift and Company, 
Chicago, beeause of their interest in animal nutrition in relation to the soil. 

Professor, Graduate Assistant and Research Assistant in soils, respectively, Col- 
lege of Agriculture, University of Missouri, Columbia, Missouri. 

2 These samples will be spoken of in this discussion as ring grass and non-ring grass. 
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form was less than 50 per cent. This non-ring summer grass would contain less than 
140 pounds of high grade protein per ton. The ring grass at that later date in the 
season was much higher in total nitrogen than it was in May. The amino nitrogen by 
the Van Slyke test in late summer was also a larger percentage of the total nitrogen, 


This late summer grass as dried forage would contain over 290 pounds of the corre- 
sponding high grade protein per ton, according to these chemical analyses. 

Changes in Carbon-Nitrogen Ratio of Soil Seem to be Responsible. Since this 
greener ring grass occurs over the mushroom’s mycelia extending themselves out- 
ward from the ring center, as shown in Figure 1, there must be higher availability 
of nitrogen in that soil area for more growth of grass and for more nitrogen con- 
centrated in the grass. This must come about as the result of biochemical changes 
in the soil provoked by the activities of the mycelia. The more pronounced green 
growth is demonstrated by its photogenic nature, demonstrated in Figure 2. The 
differences in biochemical activities in the mycelia-bearing volume of the soil as 
contrasted with those in the other soil volumes deserve consideration. 


TABLE 1. Nitrogen in the ‘‘ring’’ and ‘‘non-ring’’ grasses growing near the mush- 
room (Marasmius oreades). 


Nitrogen 


D Sample Where Total Van Slvke VanSlyke x 100 
ate sampled 4 ; ape —ninee aie 
number sampled % % Total 
May 1949 166-236 Non-ring 3.16 1.73 56.2 
167-237 Ring 3.26 1.74 53.3 
July 1949 216-23 Non-ring 2.25 1.09 48.7 
217-239 Ring 4.07 2.36 58.4 


When the soil’s low supplies of total and available nitrogen are so commonly 
the limiting factors in the growth of grass, and when the Marasmius obtains its 
energy for growth, not from sunlight directly through photosynthesis, but from 
carbonaceous organic matter in the soil, there is the suggestion that the higher 
availability of nitrogen in the soil for better nutrition of the ring grass depends on 
some particular symbiotic effects between the grass and the mycelia coming through 
the soil organic matter. These effects are seemingly centered about the changes m 
the carbon-nitrogen ratio of the soil organic matter and their modification of the 
activities of other soil microorganisms as brought about by the advancing mushroom 
mycelia. 

Dead roots of bluegrass (Poa pratensis) and other vegetable residues consti- 
tuting the organic matter in an old sod apparently represent too little, and too low 
a rate, of mineralization of their nitrogen contents for stimulation of the grass to 
more growth and pronounced green color. They do, however, represent the com- 
pounds of wider carbon-nitrogen ratio, like those in decomposing strawy manure 
serving as mushroom compost. It is these. compounds of wider carbon-nitrogen 
ratio, seemingly, which invite the mycelia of Marasmius to “run” through them for 
its nutrition. Apparently while these advancing mycelia consume the more ear- 
bonaceous compounds, they are bringing about a favorable reduction in the carbon- 
nitrogen ratio of the remaining organic matter so far as this serves as a diet for 
the other soil microbes. These other microbial life forms subsisting on these materials 
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Fic. 1. Mushrooms on the inner side of their ‘‘fairy ring’’ of taller and greener 
grass provoked by the mycelia of this fungus advancing through the soil. Photo by the 
Missouri Agricultural Experiment Station. 


Fic. 2. The taller and deeper green grass provoked by the ‘‘fairy ring’’ mushroom 
suggests some symbiotic relations between these two operating through the soil. Photo by 
the Missouri Agricultural Experiment Station. 
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of narrowed carbon-nitrogen ratio for their energy, mineralize nitrogen to higher 
concentration of it in the soluble forms in the soil. Without this delivery of avail- 
able nitrogen the larger grass growth of a darker green color would not be possible. 

Ratio of Carbon to Other Soil Fertility Elements Involved in the Suite of Amino 
Acids in Grass. (rowth or cell multiplication always involves protein. Life is never 
found flowing from carbohydrate to carbohydrate molecules, nor from fat to fat. 
More growth of grass suggests delivery by the soil, as modified by the mycelial 
effects, of other essential elements of nutrition beside the nitrogen. The elements eal- 
cium, magnesium, phosphorus and others, including the trace elements, are required 
for protein-producing plants like legumes, for example. It is interesting to note the 
suggestion coming from the higher amino acid contents of the ring grass, as shown 
in Table 2, that the mycelia “running” through the soil must also be making more 
available for the grass some other nutrient elements beside nitrogen. This extra 
amount of these other elements suggests itself as help, in addition to the help by 
the nitrogen, for the plants’ biosynthetic conversion of carbohydrates into proteins. 
Such conversions are basie in bringing about the higher concentrations of amino 
acids (and thereby also greater vields per acre) of the grass, especially during the 
later part of the season. 

Even though microbiologic assays of the bluegrass were made for only nine 
essential amino acids, yet in every case of these for the two later seasons combined, 
that is September 1948 and July 1949, the comparison of the ring with the non-ring 
grasses shows a higher concentration for each acid in the grass modified by the 
effects of the Marasmius mycelia growing beneath it. For the grasses in May and 
for the eight essential amino acids assayed for that date, in only three of them is 
the grass in the ring higher. The differences in favor of non-ring grass in this early 
season are not as large as they are in favor of the ring grass in the later seasons. 

Here is the suggestion that nitrogen is too slowly available in May for the 
conversion of the carbohydrates into proteins quickly to prevent a lower concen- 
tration of the latter in May. Several limiting factors, including possibly other soil 
fertility elements beside nitrogen are holding down carbohydrates for growth of 
non-ring grass and also for the conversion of carbohydrates into proteins in the 
ring grass making the larger growth. The ratio of carbon to fertility elements other 
than nitrogen very probably comes into the picture. This can be true even though 
we have not recognized these ratios as commonly as we have the carbon-nitrogen 
ratio. 

Not only the seasonal variation in the amino acids, but also the specific amounts 
of certain ones may deserve special attention. Unfortunately, our knowledge of the 
amount of each of these as a specific growth factor is still too meager to judge them 
quantitatively. It is interesting to note the suggested higher concentration of trypto- 
phane in the ring grass for the comparison of the two ring and non-ring locations. 
This is significant when one recalls that tryptophane is commonly too deficient in 
the grain of maize to serve for good growth of animals in winter, while green grass, 
in contrast, is most excellent feed in spring. With the higher mineralization of 
nitrogen within the soil under the ring grass suggesting itself as a procedure for 
increasing the concentration of this forage’s tryptophane content, the question 
naturally presents itself whether fertilization of pasture grasses with only a mineral 
nitrogen treatment would also be an effective means of increasing its tryptophane. 
Even if other fertility elements are needed for this, it still suggests the possibility 
of properly fertilized grass, quickly dried, as a feed supplement to corn grain to 
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balance the deficiency of the latter with respect to this essential amino acid. Of 
course, the above would be a considered procedure for practice only after it is dis- 
covered that such soil treatments under the corn do not serve to increase the trypto- 
phane content of this grain itself. 

Since threonine was the last one added to the list of ten essential amino acids, 
there may be some significance in its higher concentrations in the ring grass in the 
two determinations on the grass collected in the later seasons, September 1948 and 
July 1949. The same situation holds for methionine, a sulphur-carrying amino aeid. 
The possible significance of these observations in relation to the growth by animals 
feeding on the grass remains to be discovered. 

Mushroom-Grass Combination, a Possible Symbiosis. The “fairy ring,” in terms 
of the biochemical processes in the soil beneath it, suggests some quite interdependent 
and intricately balanced relations. They all are parts of what suggests a symbiotic 
complex including (a) the production in the soil of particular organie compounds 
represented by the dead grass roots, (b) their specific nutritional services at certain 
seasons in producing the mushrooms, and (c) the accompanying modification of that 
soil-organic matter complex, apparently through mineralization of it by other soil 
microbes, for better nutrition of the grass, at least with respect to nitrogen and pos- 
sibly other nutrient elements. It suggests that ash analyses, such as total nitrogen 
ignited in sulfuric acid, have been insufficient tools to give us better understanding 
of the soil’s services in plant nutrition, much less in animal nutrition thereby. It 
suggests that additional sciences, such as biochemistry, thermodynamics and others, 
need to be called in before we can understand the processes by which the plants 
synthesize the many complex chemical compounds composing them, or the physio- 
logical interdependence of the different forms of vegetation in a single location. 
These other scientific helps need to come in for wider use even before we understand 
fully how possibly the changing ratio of carbon to other fertility elements in the soil 
is involved in the “fairy ring” as it makes not only more and greener grass, but more 
protein-rich grass, through the apparent symbiotie performances involved.—U Niver- 
sity OF Missouri, CoLumBIA, MIssourt. 


Literature Cited 
1. Krieger, Louis C. C. The Mushroom Handbook. Maemillan 1936. 
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2. Stokes, J. L., Gunness, M., Dwyer, I. M. & Caswell, M. C. 1945. Microbiological 
methods for determination of amino acids. IT. A uniform assay procedure for the 
ten essential amino acids. Jour. Biol. Chem. 160: 35-49. 

Red Spruce Leaves. There appears to be no information on the characteristic num- 
ber of cotyledons for the red spruce, Picea rubens. 

In Volume 12 of THe Siiva or NortH AMERICA, Sargent attributed four to fifteen 
cotyledons to the genus Picea. No data was given for Picea rubens, but a seedling with 
six cotyledons appears in the plate illustrating this species. 

During the course of a recent nutritional study, advantage was taken of an oppor- 
tunity to count the cotyledons on 55 seedlings of Picea rubens with the following results. 


No. cotyledons 5 6 7 ~ 
Frequency 24 25 3 






It was also observed that the yellow-green color of the secondary leaves, which is 
often used as a distinguishing characteristic, is not constant. The leaves were blue-green 


under the nutrient conditions of the experiment.—Gorpon M. Day, Rutgers University, 
New Brunswick, N. J. 
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Book REVIEW 


The Trees of Pennsylvania. By William Carey Grimm. Text and illus- 
trations. Stackpole and Heck, Ine., New York. Harrisburg 1950. $5.00. 

This well qualified author knew the need for a book to take the place of the long out 
of print PENNSYLVANIA TREES by J. 8. Illick. He also knew from a teacher’s experience 
the great hurdle that must be gotten over by beginning students—that of learning the 
language of a particular science, So, instead of using difficult botanic terms, he has placed 
in this rather large book, what seem to be lifesized, clear, outline drawings of leaf pat- 
terns, leaf sears, twigs and buds, of each of the 140 species of trees, knowing that by 
this means, an identification of a tree can be quickly and quite accurately made by those 
interested in finding out ‘‘ What tree is that?’’ 

The modern offset printing with its bold block type is not always pleasing and some- 
times an ‘‘inky’’ effect is noticeable, particularly in the illustrations of the heavier twigs 
and fruits. Occasionally there is an inartistic arrangement of drawings on a page, as with 
eockspur thorn. Also, though a larger size page has been used than that by Illick, fineness 
of drawing and detail have been sacrificed, and much less factual description has been 
given on the one page opposite the drawings of a species. 

One of the headings for descriptive material which [lick used was ‘‘ Importance of 
the Species.’’ Under this he stressed the economic and commercial value of the tree with 
but little reference to the ornamental uses, beauty of the flowers and foliage. Only rarely 
did he inelude the importance of the trees and their products as food and shelter for wild 
animals. Though the author of this new book gives many interesting facts of this nature, 
as ‘‘Swamps where balsam thickets occur are favorite winter ‘yarding’ grounds of the 
deer,’’ balsam fir seeds are eaten by the ruffed grouse, ete., he omits a great deal of in- 
formation that Illick had placed so well under this heading as well as under the other 
thirteen headings. To this reviewer the omitted material will be a great loss to future 
students. 

Identification is based on ‘‘characteristices which are evident for long periods of 
time; principally on leaves and fruits for the summer identifications, twigs and bark 
characteristics for the winter identification. The flowers of trees have been discussed only 
incidentally, not because the flowers are uninteresting, but because they are available for 
study for such a short period of time.’’ This lack of emphasis on flowers, in tree books, 
is typical as in FIELD BooOK OF AMERICAN TREES AND SHRUBS, by F. Schuyler Mathews, 
whose illustrations are so artistically drawn, and also in the photo-deseriptive book of 
R. R. Hough, HANDBOOK OF THE TREES. The omission of flowers of trees from these 
kinds of books seems a great pity to those of us who have learned to see them through 
the eyes of Walter E. Rogers in his TREE FLOWERS OF FOREST, PARK, AND STREET. 

The book is, though, an excellent one for the beginner, for the keys are simple and 
can be followed easily due to these very criticisms, less bulk of material, and the inclusion 
of clear explanations of necessary words. There is a good glossary and a list of ‘‘ Selected 
References.’’ The ‘‘List of Trees Arranged according to Families’’ with introduced 
species indicated, is a good teaching medium. 

The page or two on ‘‘ How Trees Grow’’ is particularly well placed at the beginning 
and keeps the book from becoming merely a taxonomic collection. And the inclusion of a 
chapter on the ‘‘ Distribution of Trees’’ with a classification of forest types also helps to 
keep an atmosphere of the living out-of-doors. 

It is particularly nice to see that the Chinese tree, the Ginkgo, falls in first place, 
for this tree of Oriental origin, not a tree of Pennsylvania by birth, has become a well 
loved naturalized citizen. 

Incidentally, the author states that the scientific names of trees used in the book 
‘‘elosely follow those employed in Rehder’s MANUAL OF THE CULTIVATED TREES AND 
Survuss. This departure from following the seventh edition of Gray’s NEw MANUAL OF 
BOTANY seems to be advisable in view of the fact that many of the names used in the 
latter work are now obsolete.’’—FRANCES LOUISE PELOUBET. 
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